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U.  S.  Department  of  Agricultuke, 

Op'ITCE  of  EXPERIMEXT  STATIONS, 

Was/uiu/foii,  I>.  r.,  Dcceitiher  15,  1006. 

Sir  :  I  have  the  honor  to  trausinit  herewith  and  to  recoinineiid  for 
lMil)lication  as  Bulletin  175  of  this  Office  a  report  of  eleven  experi- 
ments on  the  metabolism  of  matter  and  energ}'  in  the  human  body,  by 
F.  (i.  Benedict,  Ph.  D.,  i)rofess6r  of  chemistry  at  Wesleyan  University, 
expert  in  charge  of  respiration  calorimeter  investigations,  and  K.  D. 
Milner,  Ph.  B.,  assistant  in  nutrition  investigations. 

The  experiments  form  a  jiart  of  the  investigations  in  progress  at 
Middletown,  Conn.,  carried  on  in  cooperation  with  Wesleyan  Uni- 
vei'sity,  for  the  purpose  of  studying  the  fundamental  laws  of  nutri- 
tion and  a  variety  of  questions  which  depend  upon  them. 

Like  the  experiments  reported  in  previous  publications  of  this 
Office,  those  here  described  furnish  important  data  regarding  the 
transformations  of  matter  and  energy  in  the  body,  the  demands  of  the 
l>ody  for  nutriment,  the  effect  of  muscular  work  upon  such  demands, 
and  the  actual  nutritive  values  of  the  different  kinds  of  food  ma- 
terials and  their  ingi-edients.  These  experiments  differ  materially 
from  those  previously  reported,  however,  in  that  the  respiration 
calorimeter  with  which  they  were  made  has  inidergone  an  important 
modification  which  permits  the  direct  measurement  of  the  amount 
of  oxygen  consumed  by  the  subject,  thus  affording  a  more  complete 
Ijalance  of  income  and  outgo  of  matter  and  energy  than  has  ever  been 
possil)le  hitherto.  Preceding  the  account  of  the  experiments  in  the 
jn-esent  report  is  a  description  of  the  respiration  calorimeter  in  its 
modified  condition. 

In  addition  to  the  other  topics  considered  in  the  discussion  of  re- 
sults, that  of  ventilation,  which  has  not  previously  been  especially 
treated  in  these  experiments,  has  been  taken  up  in  some  detail.  The 
respiration  calorimeter  affords  unusual  opportunity  to  study  the 
effect  of  large  amounts  of  carbon  dioxid  in  the  air  and  of  the  vitia- 
tion of  the  atmosphere  by  respii'ation  upon  the  metabolism  of  matter 
and  energy  in  the  body  and  upon  bodily  comfort,  and  the  results  of 
one  such  experiment  are  considered  in  this  discussion. 
Pespectfully, 

A.  C.  True,  Director. 

Hon.  Jajies  Wilson, 

Secretary  of  Af/r!c>/7ti/re. 

(3) 


CONTENTS. 


Introduction   11 

r)esrrii)tion  of  apparatus  and  methods   13 

Arrangement  of  apparatus  in  the  hiboratory   15 

The  respiration  apparatus   17 

Weighing  the  absorbers   20 

The  oxygen  supply   20 

Analyses  of  residual  air   21 

Determinations  of  the  quantities  of  water  vapor  and  carbon  dioxid 

eliminated  and  oxygen  consumed   23 

Possibilities  of  error  in  the  above  determinations   24 

Interchange  of  air  through  the  food  aperture   24 

Air  remaining  in  the  absorbers   25 

Composition  of  the  sample  of  residual  air   26 

Calculations  of  the  amounts  of  residual  gases   27 

Ilygrometric  conditions  within  the  chamber   27 

Impurities  in  tlie  compressed  oxygen   28 

Thermal  gradient  within  the  chamber  ,   28 

The  calorimeter   32 

General  construction   33 

Heating  and  cooling  the  air  spaces   33 

Thermoelectric  elements  iu  the  metal  walls   34 

Regulation  of  the  temperature  of  the  air  current   35 

Removal  of  heat  from  the  chamber   35 

INIeasurement  of  temperature  of  the  calorimeter  chamber   3(> 

Determination  of  the  quantity  of  heat  evolved   3(; 

Possibilities  of  error  in  the  measurement  of  heat   37 

Passage  of  heat  through  the  window  or  the  food  aperture   37 

Temperature  of  the  water  of  the  heat  absorber   38 

The  practicability  of  the  respiration  calorimeter   39 

Appointments  of  the  respiration  chamber   30 

Tests  of  accuracy   40 

Check  tests  with  electricity   40 

Check  tests  with  alcohol   40 

Accessory  determinations   45 

Methods  of  sampling   45 

Drying  of  the  sample   46 

Methods  of  analysis  -—jur   4(! 

Water   46 

Nitrogen  ,_i   4(5 

Ctfrbon  and  hy^lr^gen   4(5 

Fat  and  asirl   47 

Miscelhiuf'ous  determinations   47 

Heat  of  C'j>iiibustioii   47 

Pre^ration  of  the  sample   48 

App^jratus  for  measuring  muscular  work   48 

(5) 


6 


Page. 


Summary  of  the  factors  determined  in  experiments  with  the  respiration 

calorimeter   49 

Details  of  metabolism  experiments  Nos.  56-58  and  GO-67   49 

Objects  of  the  experiments  ,   50 

Subjects    51 

Collection  of  feces   52 

Collection  of  urine   53 

Periodic  determination  of  respiratory  products,  oxygen,  and  heat   54 

Preliminary  experimental  periods   54 

Order,  duration,  and  character  of  tlie  experiments  here  reported   55 

Experimental  data  and  the  calculation  of  results   55 

Metabolism  experiment  No.  56   56 

Daily  programme  ^   56 

Statistics  of  food,  feces,  and  urine  '   -58 

Errors  in  assuming  oxygen  "  by  difference  "   61 

Water  of  respiration  and  perspiration   62 

Carbon  dioxid  eliminated   64 

Amount  of  oxygen  consumed   65 

Respiratory  quotient  *   65 

Amount  of  heat  eliminated   66 

Comparison  of  income  and  outgo  of  material  and  energy   68 

Gain  or  loss  of  body  material   68 

Method  of  computing  the  amounts  of  compounds  gained 

or  lost  by  the  body   71 

Possibilities  of  error  in  the  results   73 

Amounts  of  body  material  gained  or  lost   74 

Intake  and  output  of  energy   75 

Metabolism  experiment  No.  57   77 

Metabolism  experiment  No.  58  —  84 

Metabolism  experiments  Nos.  60  and  61   94 

Metabolism  experiments  Nos.  62-67  1   103 

General  summary  and  discussion   123 

Digestibility  of  food   123 

Results  of  digestion  experiments   128 

Influence  of  nuiscular  woric  upon  digestibility   130 

Influence  of  the  character  of  the  diet  upon  digestibility   132 

Influence  of  sojourn  inside  the  respiration  chamber  on  digesti- 
bility    134 

Influence  of  the  quantity  of  food  on  digestibility   134 

Influence  of  prolonged  mastication  of  food  on  digestibility   135 

General  conclusions  regarding  digestion  of  food   137 

Composition  of  feces   138 

Composition  of  urine   1^2 

Nitrogen  in  perspiration   146 

Error  involved  in  neglecting  the  nitrogen  in  perspiration   148 

Summary  of  data  of  income  and  outgo   149 

Metabolism  of  nitrogen  and  protein   153 

Erroneous  assumption  as  to  the  exci-etion  of  nitrogen   155 

Elimination  of  carbon  dioxid   1-'^'*^ 

Carbon  dioxid  elimination  per  hour   160 


7 


General  siiinniiiry  and  discussion — Continued.  -Page. 

Elimination  of  water   162 

Watei-  of  respiration  and  perspiration   164 

Water  of  respiration  and  perspiration  jjer  hour   167 

Consumption  of  ().\.v>;en   169 

Hourly  oonsuuii)tion  of  o.xygen   173 

Heat  elimination   174 

Hourly  rate  of  heat  elimination   176 

Heat  equivalent  of  external  nniscular  worl.;   17S 

Energy  eliminated  in  different  ways   ITS 

Comparison  of  percentages  of  carbon  dioxid,  water,  and  heat  elim- 
inated and  oxygen  al)sorl)ed  during  different  periods  of  the  day   181 

Possibility  of  storage  of  oxygen   183 

Elimination  of  carbon  dioxid  and  water  and  intalce  of  oxygen  per 

kilogram  of  body  weight   184 

Elimination  of  heat  per  kilogram  of  body  weight  and  per  sipiare  meter 

of  body  surface   18(> 

Comparison  of  the  elimination  of  carbon  dioxid,  water,  and  heat  from 
the  body  and  intake  of  oxygen,  per  day  and  per  hour,  per  kilogram 

of  body  weight   189 

Heat  production  .   191 

>h'asurement  of  body  temperature   191 

Fluctuations  in  body  temi)erature   193 

Determinations  of  body  weight   194 

Estimation  of  corrections  for  changes  in  body  temperature  and 

body  weight   19") 

Computation  from  gain  or  loss  of  body  material   196 

Corrections  for  heat  absorbed  by  bed  and  bedding   198 

Total  heat  production   199 

Carbon  dioxid  thermal  ipiotient   208 

Res|)iratory  quotient    210 

Comparison  of  former  and  present  methods  of  computing  gain  or  loss 

of  body  material  and  energy   2.13 

Experiment  with  small  drafts  ui>on  body  material   217 

Experiment  with  large  drafts  upon  body  material   218 

Comi)arison  of  the  estimation  of  tlie  amount  of  oxygen  consumed  witli 

tlie  actual  determination   221 

Fluctuations  in  liody  weight  as  compared  with  gains  and  losses  of 

body  material    223 

Influence  of  character  of  diet  on  Ixxly  weight  ■   225 

Amounts  of  energy  sujiplied  in  different  materials  1   227 

Bodily  activity   227 

Muscular  work  on  the  ergometer   230 

Fats  versus  carbohydrates  as  i^rotectors  of  body  material   231 

Protein  as  the  source  of  nniscular  work   233 

Relative  efficiency  of  fats  and  carbohydrates  in  rations  for  muscular 

work   234 

Ventilation  ,   237 

Normal  percentage  of  carbon  dioxid  in  atmospheric  air   237 

Iminire  air    2.39 


8 


General  summary  and  discussion — Continued. 

Ventilation — Continued.  Page. 

Ventilation  of  the  respiration  chamber   240 

Amounts  of  carbon  dioxid  in  the  air  in  the  chamber   242 

Moisture  content  of  the  air  current   244 

Concomitant  impurities   244 

Experiments  with  the  new  form  of  respiration  apparatus   245 

Percentage  of  oxygen  in  the  air  of  the  chamber   249 

Percentage  of  carbon  dioxid  in  the  air  of  the  chamber   250 

Special  experiment  on  the  effect  of  an  increased  amount  of 
carbon  dioxid  on  the  respiratory  exchange  and  heat  pro- 
duction  256 

Water  vapor  in  the  respiration  chamber   259 

General  conclusions  regarding  ventilation   260 

Conservation  of  energy  in  the  human  body   261 

Appendix   265 


ILLUSTRATIONS. 


PLATES. 

Page. 

General  view  of  the  respiration  calorimeter  laboratory  Frontispiece. 

PI.   I.  Fig.  1. — Interior  of  res|)iration  chamber.    View  taken  from  the 


window.    Fig.  2. — Interior  of  respiration  chamber.    View  taken 

from  rear  of  the  chamber   40 

I'l.  II.  Device  for  the  removal  of  the  respiratory  products  from  the  res- 
piration chamber  (side  view)   2.50 

TEXT  FIOIIRE.S. 

Fig.  1.  Diagram  of  respiration  calorimeter  laboratory   16 

2.  Schematic  outline  of  the  respiration  system   17 

3.  Arrangement  of  the  devices  for  purifying  the  circulating  air   19 

4.  Diagram  of  the  balance  for  weighing  the  absorbers  and  oxygen 

cylinders   20 

(9) 


META1^)0LISM  OF  MATTER  AND  ENERGY  IN  THE 

HUMAN  BODY. 


INTRODUCTION. 

A  physiological  study  of  the  nutritive  processes  of  man  involves 
observations  not  only  of  chemical  -and  thermal  transformations,  but 
also  of  the  general  condition  and  health  of  the  subject  of  the  experi- 
ment. Some  of  these  observations,  such  as  the  grosser  fluctuations 
in  weight,  the  condition  of  appetite,  and  other  data  pertaining  to 
general  bodily  health,  require  no  special  form  of  apparatus  or  refine- 
ment of  method,  and  in  experiments  extending  over  a  long  period 
may  aiford  valuable  clews  in  the  solving  of  such  problems  as  the  influ- 
ence of  a  certain  diet  or  article  of  food  or  method  of  feeding.  Re- 
sults more  relial)Ie  and  far  more  complete  may,  however,  be  obtained 
in  much  shorter  experiments  if  accurate  apparatus  and  experimental 
technique  ai'e  employed.  Thus  it  might  take  several  weeks  to  prove 
by  alterations  in  body  weight  that  fat  is  being  deposited  in  the  l)ody; 
but  an  apparatus  for  determining  the  entire  income  and  outgo  of  the 
body  will  give  the  same  information  in  twenty-four  hours,  and  in 
quantitative  terms.  PTence,  while  with  domestic  animals  questions  of 
diet  are  usually  studied  by  feeding  experiments  extending  over  rela- 
tivelv  long  periods,  it  is  possible  with  a  special  apparatus  to  investi- 
gate problems  of  this  nature  in  periods  of  a  few  days'  duration. 
This  is  especially  advantageous  in  experimenting  with  man.  With 
animals  the  consumption  of  a  constant  diet  is  not  irksome,  and  long 
experiments  are  perfectly  feasible;  but  with  man,  restricted  diets 
soon  become  distasteful,  and  the  duration  of  the  experiment  is  there- 
fore nuich  more  limited. 

Furthermore,  in  studying  the  transformations  of  nuitter  and  energy 
in  so  complicated  a  mechanism  as  the  human  l)od3%  knowledge  regard- 
ing as  many  factors  as  possil)le  is  of  prime  importance.  To  be  sure, 
the  fluctuations  in  body  weight,  quantity  of  urine  voided,  weight  and 
general  appearance  of  feces,  rate  of  respiration,  body  temperature, 
and  numerous  other  observations  of  a  similar  nature  are,  even  when 
independentl}'  observed,  of  considei'able  importance  in  studying  the 
changes  taking  place  in  the  body.    In  a  simultaneous  observation  of 

(11) 
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all  these  and  allied  factors,  lioAvever,  each  becomes  of  itself  more  sig- 
nificant and  greatly  increased  in  value.  For  instance,  when  studying 
the  chemical  and  physical  processes  involved  in  the  metabolism  of 
matter  and  the  transformations  of  energy,  simultaneous  observations 
of  the  carbon  dioxid  and  water  output  and  oxygen  intake  of  the 
respiratory  tract,  the  chemical  nature  of  the  food,  drink,  and  excreta, 
the  potential  energy  of  the  food  and  excreta,  and  the  sensible  heat 
given  out  from  the  body,  give  data  which  not  only  throw  light  on 
the  fundamental  questions  of  metabolism,  but  also  render  more  intelli- 
gible each  phase  of  the  subject.  Hence,  in  studying  the  processes  of 
metabolism,  the  larger  the  number  of  factors  that  can  be  determined 
simultaneously  the  more  intelligible  is  each  series  of  observations. 

The  chief  factors  pertaining  to  the  metabolism  of  matter  in  the  liv- 
ing organism  which  at  present  can  be  determined  Avith  reasonable 
accuracy  may  be  classed  as  follows: 

Intake — 

Dry  matter  of  food,  including  drink  other  than  water. 
AVater  of  food  and  drink. 
Oxygen  from  Inspired  air. 
Output — 

Dry  matter  of  feces  and  urine. 
Water  of  feces  and  urine. 
Water  of  respiration  and  perspiration. 
Carbon  dioxid. 

Complete  analyses  may  be  made  of  the  dry  matter  of  food,  feces, 
and  urine,  including  determinations  of  nitrogen,  carbon,  hydrogen, 
and  mineral  matters. 

The  factors  involved  in  the  study  of  the  transformation  of  energy 
are : 

Intake — 

Potential  or  chemical  energy  of  the  food  and  drink. 

Sensible  heat  of  food  and  drink  arising  from  the  difference  be- 
tween the  temperature  of  the  food  and  that  of  the  body,  usu- 
ally negative. 
Output — 

Potential  or  chemical  energy  of  excreta. 
>  Heat,  including — 

(a)  Sensible  heat  of  excreta. 
(Ij)  Latent  heat  of  water  vapor. 
((?)  Heat  given  otT  by  radiation  and  conduction. 
Mechanical  energy  of  external  muscular  work. 
For  the  simultaneous  determination  of  all  of  these  factors  a  sjoecial 
form  of  apparatus,  which  is,  at  the  same  time,  a  respiration  appara- 
tus for  the  measurement  of  the  respiratory  gases,  and  a  calorimeter 
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for  the  determination  of  heat — that  is,  a  so-called  respiration  calo- 
rimeter— is  necessary.  In  addition  certain  accessory  apparatus,  such 
as  a  calorimetric  bomb  for  the  determination  of  the  potential  energy 
or  heat  of  oxidation  of  food  and  excreta,  an  ergometer  for  measur- 
ing the  mechanical  equivalent  of  the  external  muscular  work,  and  the 
chemical  equipment  incidental  to  a  laboratory  for  the  study  of  physi- 
ological chemistry,  are  essential. 

The  present  publication  contains  a  report  of  11  experiments  with 
4  different  men  in  which  the  factors  enumerated  above  were  deter- 
mined by  means  of  the  different  forms  of  apparatus  jijst  mentioned. 
Preceding  the  account  of  the  experiments  some  explanation  of  the 
apparatus  and  experimental  methods  seems  desirable.  Following 
the  details  of  the  experiments  is  a  discussion  of  several  topics  based 
upon  the  results  obtained  in  the  investigations. 

DESCRIPTION  OF  APPARATUS  AND  METHODS. 

The  respiration  calorimeter  used  in  these  experiments  has  been  in 
process  of  development  for  twelve  years.  The  earliest  account "  of 
its  development,  which  was  published  in  1897,  contained  a  report  of 
four  experiments  with  man  in  which  the  metabolism  of  nitrogen  and 
carbon  was  measured.  The  appliances  for  measuring  heat  were  not 
yet  perfected  sufficiently  to  afford  satisfactory  determinations  of 
energy  given  off  by  the  subject.  This  defect  was  soon  remedied,  and 
the  apparatus  was  gradually  modified  and  improved  in  many  respects, 
and  later  publications  ^  gave  more  comjjlete  descriptions  of  the  appa- 
ratus and  the  various  modifications,  and  reported  a  large  number  of 
experiments  with  different  subjects  in  which  the  transfonnations  of 
both  matter  and  energy  in  the  body  were  studied. 

For  the  determination  of  the  respiratory  products,  the  apparatus 
as  used  in  those  experiments  was  arranged  according  to  the  well- 
known  "  open  circuit  "  plan  of  Pettenkofer  and  Voit.  It  consisted 
of  a  metal-walled  chamber,  through  w'hich  a  current  of  air  was 
caused  to  pass.  Analyses  of  the  air  before  it  entered  and  after  it 
left  the  chamber  and  the  measurement  of  the  volume  of  air  that 
passed  through  the  chamber  gave  data  for  computing  the  quantity 
of  carbon  dioxid  and  water  vapor  eliminated  by  the  subject.  The 
results  obtained  for  water  vapor  were  not  quite  so  accurate  as  those 
for  carbon  dioxid. 

The  data  obtained  by  means  of  this  apparatus,  however,  were  not 
sufficiently  complete  for  proper  estimation  of  the  transformations  of 
matter  that  may  occur  in  the  body.    In  interpreting  the  data  of  the 

a  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  44. 

»  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Buls.  63,  09,  106,  and  136. 
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experiments  it  was  assumed  tliat  there  were  no  changes  in  the  quan- 
tity of  glycogen  stored  in  the  bod}^,  and  the  carbon  dioxid  given  off 
was  treated  as  if  derived  only  from  the  disintegration  of  protein  and 
fat.  From  the  quantit}^  of  nitrogen  in  the  urine  the  amount  of  pro- 
tein katabolized  was  computed,  and  the  carbon  pertaining  to  this 
protein  was  ascertained  from  the  elementary  composition  of  animal 
protein.  The  remaining  carbon  in  the  carbon  dioxid  eliminated 
was  then  supposed  to  be  derived  entirel}^  from  fat,  according  to  the 
above-mentioned  assumption  that  the  amount  of  glycogen  in  the 
liver  and  muscles  remains  practically  constant. 

That  such  an  interpretation  of  the  data  is  correct  is  very  much  to 
be  doubted,  especially  when  there  are  wide  variations  in  the  nature 
or  quantity  of  food  ingested.  Particularly  would  this  be  the  case 
during  fasting.  Recent  physiological  researches  indicate  that  mus- 
cular energy  is  in  large  measure,  if  not  wholly,  derived  from  the 
disintegration  of  carbohjalrate  material.  Data  regarding  the  trans- 
formations of  carbohydrates  in  the  body  are  therefore  very  desirable. 

Such  data  could  not  be  obtained  by  use  of  the  form  of  apparatus 
above  mentioned,  for  the  reason  that  it  did  not  aiford  means  for  deter- 
mining the  amount  of  oxygen  consumed.  In  order  to  distinguish 
between  the  carbon  due  to  the  transformation  of  fat  and  that  due  to 
the  transformation  of  carbohj^drates,  it  is  necessary  to  have  accurate 
data  regarding  the  intake  of  oxygen,  and  the  ratio  between  the  oxy- 
gen consumed  and  the  carbon  dioxid  eliminated ;  in  other  words,  the 
so-called  respiratory  quotient.  An  attempt  was  made"  to  estimate 
(by  difference)  the  amounts  of  oxygen  consumed  in  some  of  the 
experiments,  but  this  was  considered  much  less  satisfactory  than 
actual  determinations. 

No  satisfactory  method  was  found  for  determining  the  amount  of 
oxygen  consumed  by  a  subject  in  a  respiration  calorimeter  of  the  sort 
mentioned  above,  that  is,  Avith  an  "  open-circuit  "  respiration  appa- 
ratus.'' Plans  had  been  gradually  evolved,  however,  for  changing 
the  form  of  apparatus  in  such  a  manner  as  to  make  possible  the  deter- 
mination of  the  amount  of  oxygen  consumed.  It  was  desired  to  main- 
tain in  this  modified  form  of  apparatus  the  accuracy  of  the  carbon 
dioxid  determination  Avith  the  earlier  form  and  to  increase,  if  possible, 
the  accuracy  of  the  water  determination. 

The  year  1902-3  was  mainly  occupied  in  developing  such  a  form 
of  apparatus.    Considerable  modification  Avas  involved  and  several 

a  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  130,  p.  1G3. 

i  It  sliould  be  Iiere  noted  that  .Jaqnet  lias  devised  a  respiration  apparatus  of 
the  open-circuit  type,  devoid,  however,  of  caloriiuetric  features,  in  wliich  the 
oxygen  used  by  the  subject  is  computed  from  direct  determinations  of  oxygen 
in  the  air  entering  and  leaving  the  chamber.  (Verhaudl.  Naturf.  Gesell.  Basel, 
15  (1904),  pt.  2,  p.  252.) 
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new  nccossorv  dovices  Avere  nocossarv.  The  expenses  attending  the 
addition  of  this  new  feature  of  the  apparatus  Avere  defrayed  by  grants 
from  the  Carnegie  Institution  of  AVashington.  A  detailed  descrip- 
tion of  tlie  respiration  apparatus  in  its  modified  form  and  also  of  the 
calorimeter,  which  has  likewise  been  very  much  improved  in  recent 
years,  is  given  in  a  recent  ])ublication  of  the  Carnegie  Institution."  In 
the  present  bulletin,  therefore,  only  a  summary  account  of  the  respira- 
tion calorimeter  will  be  given.  The  details  may  be  found  in  the 
Carnegie  Institution  report  mentioned.  The  purpose  here  is  simply 
to  give  such  explanation  as  is  needed  for  a  projjer  understanding  of 
the  investigations  ivported  beyond. 

ARRANGEMENT  OF  APPARATUS  IN  THE  LABORATORY. 

The  laboratory  is  located  in  the  basement  of  a  building  occupied  by 
the  cliemical  dei)artment  of  "Wesleyan  University,  at  Middletown, 
Conn.  The  room  is  that  in  which  the  old  form  of  apparatus  was 
installed,  as  shown  in  preceding  publications,''  but  tlie  addition  of 
appliances  for  measuring  oxygen  have  necessitated  changes  in  the  dis- 
position of  the  various  parts.  A  general  view  of  the  laboratory  is 
shown  in  the  frontispiece  and  the  general  plan  is  given  in  figure  1. 

The  respiration  chaml)er  is  placed  a  little  to  the  north  of  the 
niitldle  of  the  room,  and  (m  the  south  side  of  it  is  the  apparatus  for 
jiurifying  the  air  and  determining  the  amount  of  carbon  dioxid 
and  water  vapor  in  it.  In  the  east  end  of  the  chamber  is  the  large 
opening  that  serves  as  door  and  window,  and  just  in  front  of  this 
is  a  table,  at  which  observers  sit  during  the  whole  of  an  experiment. 
The  table  is  placed  here  chiefly  for  c'onvenience  in  noting  the  move- 
ments of  the  subject,  through  the  window.  On  the  observer's  table 
are  all  the  ai^pliances  for  determining  and  controlling  the  temperature 
of  the  calorimeter.  Opposite  the  table  is  the  water  meter  for  deter- 
liiining  the  quantity  of  water  that  passes  through  the  heat  absorber 
witliin  the  chamber. 

The  rotary  blower  used  for  maintaining  the  ventilating  current  of 
air  is  actuated  by  power  from  an  electric  motor  which  drives  the 
line  shaft  running  along  the  ceiling  at  the  north  side  of  the  room. 
By  means  of  a  countershaft  the  blower  may  be  stopped  or  started 
at  will.  In  one  corner  of  the  room  are  storage  batteries  used  in 
connection  with  certain  electrical  devices.  Balances  and  other  ac- 
cessory apparatus  are  arranged  along  the  walls  of  the  laboratory. 

"  CaiMicf^io  Inst.  Washington  Pul).  No.  42. 

6  U.  S.  Dept.  Agr.,  Olflce  of  Experiment  Stations  Kul.  130.  Frontispiece  and 
p.  13. 


Fig.  1.— Diagram  of  respiration  calorimeter  laboratory 
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THE  RESPIRATION  APPARATUS. 

The  respiration  apparatus  in  its  present  form  is  in  principle 
essentially  the  same  as  that  of  Ke^nault  and  Reiset,"  that  is,  a  so- 
called  "closed-circuit"  resj)iration  apjiaratus.  The  same  current  of 
air  is  ke])t  in  circulation  through  the  chamber,  the  carbon  dioxid 
and  water  vajK)!'  imparted  to  it  by  the  subject  being  removed  as  it 
is  withdrawn  from  the  chamlx'i-  and  oxygen  restored  to  it  as  it  is 
retni'ned  to  the  chamber.    Th(>  (piantities  of  carbon  dioxid  and  water 


RESWRATION  CHAMBER 


Fi'i.  2. — Schematic  outline  of  the  respiration  system. 


removed  fi'om  the  air  and  of  oxygen  supplied  are  ascertained  as 
e.xplained  beyond. 

The  details  of  the  respiration  apparatus  were  not  exactly  the  same 
in  all  of  the  investigations  reported  in  the  present  publication. 
Dm-lng  the  period  in  which  they  were  conducted,  various  accessory 
devices  were  develojjed  and  improved  to  increase  the  facility  of 
manipulation  or  the  accuracy  of  the  ivsults  obtained.  In  con- 
se(iuence,  tlie  apparatus  was  in  nnich  better  condition  for  the  last 
experiments  than  for  the  first.  The  fundamental  principle  of  the 
apparatus,  however,  which  is  illustrated  by  figure  2,  was  the  same  in 
all  tlie  experiments. 


"Ann.  Chini.  et  Phys.,  3  (1849),  p.  26. 
21482— No.  175—07  2 
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At  the  beginning  of  an  experiment  there  is  in  the  respiration  cham- 
ber air  containing  oxygen,  nitrogen,  carbon  dioxid,  and  water  vapor, 
as  in  an  ordinary  room.  With  the  entrance  of  tlie  subject  there  is 
immediately  a  consumption  of  oxygen  and  an  elimination  of  carbon 
dioxid  and  water  vapor.  The  air  is  withdrawn  from  the  chamber, 
passed  through  absorbents  for  the  removal  of  the  respiratory  prod- 
ucts, oxygen  is  added  to  replace  that  used  by  the  subject,  and  it  is 
again  returned  to  the  chamber. 

To  maintain  a  current  of  air  for  ventilation  and  to  cause  it  to  pass 
through  the  absorbents  for  removing  water  vapor  and  carbon  dioxid, 
it  is  necessary  to  overcome  a  resistance  equivalent  to  a  pressure  of 
about  40  milliriieters  of  mercury.  In  several  of  the  experiments  a 
pump  "  was  used  for  this  purpose,  which  was  connected  in  such  a  way 
as  to  produce  a  slightly  diminished  pressure,  and  thus  draw  the  air 
through  the  absorbing  system.  This  method  was  found  unsatisfac- 
tory, however,  and  later  the  pump  was  replaced  b}^  a  small  rotary 
blower  giving  a  positive  pressure  and  forcing  the  air  through  the 
absorbents.  B}^  means  of  this  blower  a  current  of  air  flowing  at  the 
rate  of  75  liters  a  minute  is  maintained. 

The  air-purifying  apparatus  must  I'emove  from  a  current  of  air, 
flowing  at  the  above  rate,  all  the  Avater  vapor  and  carbon  dioxid, 
which  in  some  experiments  may  amount  to  as  much  as  50  grams  of 
the  former  and  125  to  150  grams  of  the  latter  per  hour.  The  absorb- 
ers used  in  these  investigations  accomplish  this  very  satisfactorily. 

For  the  remoA^al  of  water  vajDor  the  air  that  leaves  the  blower  is 
passed  through  sulphuric  acid,  which  is  one  of  the  best  absorbents  of 
Avater  A'apor  known.  The  acid  is  contained  in  a  stoneware  receptacle 
{A  in  diagram  aboA^e)  so  designed  that  the  air  is  caused  to  pass  in 
small  bubbles  up  through  a  layer  of  acid  seA^eral  centimeters  deep, 
thus  affording  opportunity  for  complete  absorption  of  water.  It  has 
been  found  that  an  absorber  of  this  type  containing  about  3.5  liters 
of  strong  sulphuric  acid  (specific  graAdty  1.84)  will  remoA'e  500  grams 
of  water  vapor  from  the  air  current  flowing  at  the  aboA'e-mentioned 
rate  before  alloAving  any  to  pass  by. 

The  air  leaving  the  acid  receptacle  is  perfectly  dry,  but  still  con- 
tains carbon  dioxid.  To  remove  this,  it  is  next  passed  through  soda 
lime  (a  mixture  of  caustic  soda  and  quicklime).  This  reagent  is  con- 
tained in  three  brass  cylinders  (B,  0,  and  D  in  the  diagi'am)  that  are 
sih'er  plated  to  resist  the  action  of  the  alkalis.  These  absorbers 
equally  as  efficient  as  the  one  for  water  vapor,  and  the  soda  lime  in 
each  one  will,  under  ordinary  conditions,  remove  400  grams  of  car- 
bon dioxid  from  the  air  current. 


a  U.  S.  Dept.  Agr.,  Yearbook  1904,  p.  209. 
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The  soda  lime  in  these  absorbers  is  somewhat  cTanip,  as  it  has  been 
found  to  be  most  efficient  when  in  that  condition.  The  dry  air  from 
the  sulphuric  acid  takes  up  some  of  this  moisture,  which  must  be 
removed;  consequently  the  air  is  next  passed  through  another  jar  of 
sulphuric  acid  {E)  like  the  first. 

The  ail'  leaving  the  last  water  absorber  is  dry  and  free  from  carl)on 
dioxid,  but  deficient  in  oxygen  by  the  amount  used  by  the  subject. 
Oxvacn  is  ilicrefore  admitted  from  a  steel  cvlinder  {F).  in  which  it 


Fi(i.  'A. — Arrangement  o£  tlie  devices  for  purifying  tlie  circulating  air. 

is  contained  under  j)ressure,  into  the  pipe  by  which  the  air  is  returned 
to  the  respiration  chamber. 

The  removal  of  the  respiratory  products  from  the  air,  and  changes 
in  thermometric  conditions  within  the  chamber  and  in  barometric 
pressure  without,  cause  ditt'erences  in  the  volume  of  air  within  the 
system.  In  order  that  the  air  in  the  chamber  may  be  kept  at  normal 
pressure  under  all  conditions,  two  pans  {G)  with  flexible  rubber  dia- 
phragms are  connected  with  the  ingoing  air  pipe  and  serve  as  pres- 
sure e(pializers. 

The  devices  above  referred  to  are  arrano-ed  as  shown  in  fip-ure  3. 
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WEIGHING  THE  ABSORBERS. 


The  amounts  of  water  A^apor  and  carbon  dioxid  removed  from  the 
uir  are  determined  by  weighing  the  absorbers.  For  this  purpose  the 
bahmce  shown  in  figure  4  was  employed. 

Tliis  balance  is  mounted  on  a  shelf  that  is  firml}^  attached  to  the 
brick  wall  of  the  laborator3\  Provision  is  made  for  suspending 
either  kind  of  absorber  from  one  end  of  the  beam.  The  figure  shows 
a  sulphuric-acid  jar  about  to  be  suspended,  resting  on  a  swing  plat- 
form which  may  be  raised  or  lowered  to  aid  in  connecting  the  sus- 
pension Avires  with  the  jar.  The  sulphuric-acid  container  when 
charged  weighs  not  far  from  18  kilograms.    The  balance  here  shown 

will  sustain  this  load  and  indicate 
differences  of  a  few  milligrams  in 
Aveight,  an  accuracy  Avhich  is  much 
bej'ond  that  actually  required. 

THE  OXYGEN  SUPPLY. 

The  amount  of  oxygen  admitted  to 
the  chamber  to  replace  that  used  by 
the  subject  is  ascertained  from  the 
loss  in  Aveight  of  the  cylinder  from 
Avhich  oxygen  is  supplied,  and  the 
proportion  of  oxygen  in  the  gas  ad- 
mitted. Since  these  cylinders  are 
weighed  on  the  above  balance  accu- 
rately Avithin  10  milligrams,  the 
amount  of  oxygen  admitted  is  deter- 
mined much  more  accurately  than 
with  any  gas  meter  Avith  Avhich  Ave 
are  familiar. 

In  addition  to  the  oxygen,  the  cyl- 
inders contain  2.5  to  8  per  cent  of  nitrogen  and  a  small  proportion 
of  carbon  dioxid  and  Avater  vapor.  The  tAVo  latter  are  remoA'ed 
before  the  oxygen  is  admitted  to  the  air  current,  by  passing  the  gas 
through  a  U  tube  containing  sulphuric  acid  and  soda  lime.  Such  a 
tube  is  ahvays  attached  to  the  cylinder  Avhen  in  use,  and  ahvays 
Aveighed  Avith  it,  so  that  there  is  no  necessity  of  knoAving  hoAv  much 
of  these  gases  are  present.  Inasmuch  as  the  nitrogen  is  admitted 
Avith  the  oxygen,  hoAvever,  the  percentage  of  nitrogen  in  each  cylin- 
der is  ascertained.  The  joroportion  of  oxygen  in  the  mixture  that 
passes  the  U  tube  is  determined  by  absorption  Avith  potassium  pyro- 
gallate,  and  the  remainder  is  taken  as  nitrogen. 

Since  nitrogen  is  thus  admitted  with  the  oxygen  supplied  to  replace 
that  used  by  the  subject,  and  only  the  oxygen  is  actually  consumed, 


Fig.  4. — Diagram  of  the  balance  for  weigh 
ing  the  absorbers  and  oxygen  cylinders. 
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it  is  apparent  that  nitrogen  would  tend  to  accumulate  in  the  system. 
To  reduce  the  quantity  of  nitrogen  ijresent,  a  definite  volume  (♦f  air 
is  withdrawn  from  the  system  at  certain  intervals  and  oxygen  is  sup- 
plied to  restore  the  volume. 

ANALYSIS  or  RESIDUAL  AIR. 

The  proportions  of  carbon  dioxid,  water  vapor,  and  oxygen  in  the 
air  are  constantly  changing,  and  since  the  total  volume  of  air  in  the 
system  is  not  far  from  ."i.OOO  liters,  the  actual  amounts  of  these  gases 
in  the  system  may  differ  considerably  from  time  to  time.  In  order 
to  ascei'tain  the  quantities  of  carbon  dioxid  and  water  vapor  elimi- 
nated and  oxygen  consumed  during  a  given  jieriod,  the  quantities  of 
these  gases  joresent  in  the  air  at  the  beginning  and  end  of  the  period 
must  be  taken  into  account,  and  so  anal^^ses  of  the  air  are  made  at 
intervals. 

The  determinations  of  residual  carbon  dioxid  and  water  vajDor  are 
made  as  often  as  every  six,  three,  or  even  two  hours,  the  later  ex- 
periments especially  being  divided  into  the  shorter  periods.  Since 
these  determinations  are  made  so  frequently  and  a  relatively  large 
sample  (10  liters)  of  air  must  be  used  each  time,  some  provision  is 
necessary  for  returning  the  sample  again  to  the  system  after  the 
carbon  dioxid  and  A\ater  vapor  have  been  removed.  A  special  form 
of  aspirating  apjDaratus  was  formerly  used  for  this  purpose,  as  da- 
scribed  elsewhere."  Very  recently,  however,  a  much  simpler  method 
of  nudving  these  residual  analyses  has  been  adopted.  This  is  illus- 
trated in  the  diagram  in  figure  2  (p.  17). 

Between  the  rotary  blower  and  the  first  water  absorber  the  air  is 
under  a  not  inconsiderable  pressure,  due  to  the  fact  that  it  must  be 
forced  through  the  absorber  system.  Consequently  a  small  stream  of 
air  may  be  diverted  through  an  opening  in  the  air  pipe  at  this  point, 
sent  through  apparatus  for  purifying  and  measuring  it,  and  returned 
again  to  the  system  through  an  opening  in  the  ingoing  air  pipe, 
without  materially  decreasing  the  j^i'^^'S^in'e  necessary  to  force  the 
main  current  of  air  through  the  large  absorbers. 

The  tube  from  the  opening  in  the  pipe  near  the  blower  is  connected 
first  with  a  mercury  trap  by  which  a  small  current  of  air  may  be 
started  or  stopped  at  will.  When  the  trap  is  open  the  air  passes 
first  through  a  U  tube  containing  sulphuric  acid  to  remove  the  water 
vapor,  next  through  a  second  U  tube  containing  soda  lime  to  remove 
carl)on  dioxid,  and  finally  through  a  third  U  tube  containing  sul- 
phuric acid  to  catch  the  water  vapor  that  the  dry  air  takes  from 
the  moist  soda  lime.  .  The  air  then  enters  an  Elster  meter,  which 
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has  been  carefully  calibrated  as  described  by  one  of  us,"  to  measure 
the  yolume  of  the  sample,  then  through  a  bottle  of  sulphuric  acid 
to  remove  water  vapor  taken  up  in  passing  through  the  meter,  and 
finally  returns  to  the  main  air  pipe  dry  and  free  from  carbon  dioxid. 

The  proportions  of  carbon  dioxid  and  Avater  vapor  in  the  air  are 
ascertained  from  the  volume  of  the  sample  and  the  increase  in  weight 
of  the  U  tubes. 

The  operation  of  taking  the  sample  is  very  simple.  The  meter  is 
read,  the  mercury  trap  lowered,  and  air  allowed  to  pass  through  the 
U  tubes,  the  meter,  and  the  drying  bottle  back  to  the  main  air  pipe. 
With  the  pressure  usually  obtained,  the  air  is  passed  through  the 
meter  at  the  rate  of  about  3  liters  per  minute.  When  approximately 
10  liters  have  passed  through  the  meter  the  mercuiy  trap  is  raised, 
thus  stopping  the  current,  and  aftei'  -the  meter  has  come  to  rest  its 
pointer  is  read.  The  pressure  of  the  gas  in  the  meter  is  accurately 
determined  by  means  of  a  water  manometer,  which,  since  the  pres- 
sure at  the  blower  is  very  constant,  remains  at  j)ractically  the  same 
position  during  the  entire  process  of  taking  the  sample.  When  about 
half  of  the  desired  sample  is  taken — i.  e.,  when  5  liters  have  passed 
through  the  meter — ^the  position  of  the  manometer  and  the  tempera- 
ture of  the  meter  are  recorded.  The  whole  operation  is  then  repeated 
for  a  duplicate  analysis,  the  time  of  taking  the  samples  being  so  ad- 
justed that  the  last  portion  of  the  second  sample  will  have  been  taken 
a  few  seconds  before  the  end  of  an  experimental  period. 

Actual  determination  of  the  amount  of  oxygen  residual  in  the  air 
of  the  system  is  made  only  once  in  twenty-four  hours,  usually  at  7 
a.  m.  A  sufficiently  large  sample  of  air  is  withdrawn  from  the  cham- 
ber at  that  time,  and  the  loroportion  of  oxygen  in  it  is  determined  by 
the  method  of  absorption  by  potassium  pyrogallate  previously  men- 
tioned. Since  the  quantities  of  oxygen  and  nitrogen  admitted  to  the 
system  each  period  are  known,  however,  from  the  loss  in  weight  of 
the  oxygen  cylinder  during  the  period  and  the  proportions  of  oxygen 
and  nitrogen  in  it  as  shoAvn  by  previous  analysis,  it  is  possible  to  com- 
pute the  residual  oxygen  for  each  period  as  readily  as  if  analysis 
of  the  air  were  made.  The  factors  for  such  computation  ai-e  as  fol- 
lows: (1)  The  total  volume  of  air  in  the  system,  i.  e.,  the  apparent 
volume  reduced  to  standard  conditions  according  to  records  of  tem- 
perature and  barometric  pressure;  (2)  the  quantities  of  carbon  dioxid 
and  water  vapor  present,  as  shown  l)y  analysis;  (3)  the  quantity  of 
nitrogen  present,  including  the  total  ascertained  by  analysis  at  the 
beginning  of  the  day,  and  that  added  with  the  oxygen.  The  sum  of 
these  quantities  of  carbon  dioxid,  Avater  vapor,  and  nitrogen  sub- 
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tracted  fi-oiu  the  total  quantity  of  air  gives  the  quantity  of  oxygen 
I)resent. 

The  accuracy  of  such  computations  depends  upon  the  absence  of 
leakage  of  air  into  or  out  of  the  system.  The  analysis  at  the  begin- 
ning of  each  day  serves  as  a  check  upon  such  computations  for  the 
preceding  day.  When  there  are  no  leaks  the  results  obtained  by  com- 
putation are  pi-actically  identical  with  those  by  analysis.  Indeed, 
so  close  an  agreement  has  been  regularly  found  under  such  conditions 
that  a  discrepancy  between  the  computed  and  determined  results  is 
now  considered  an  absolute  indication  of  leakage,  and  the  observed 
ditTerences  are  taken  as  data  for  which  allowance  nuist  be  made  to 
obtain  correct  results. 

DETERMINATION  OF  THE  QUANTITIES  OF  "WATER  VAPOR  AND 
CARBON  DIOXID  ELIMINATED  AND  OXYGEN  CONSUMED. 

The  increase  in  the  weight  of  the  first  water  absorber  is  the  amount 
of  water  vapor  removed  from  the  ventilating  air  current,  but  this 
does  not  represent  the  total  amount  eliminated  by  the  subject.  Al- 
lowance nuist  be  made,  as  already  stated,  for  changes  in  (li(>  (juantity 
of  water  vapor  residual  in  the  air  system,  and  also  for  the  small 
amount  removed  by  analyzing  the  sample  of  residual  air.  More- 
over, certain  articles  within  the  respiration  chamber,  such  as  the 
clothing  of  the  subject,  the  bedclothing.  the  wooden  chair,  books,  etc., 
may  absorb  or  give  olf  moisture  according  to  the  hygroscopic  condi- 
tions. Accordingly  allowance  must  also  be  made  for  gains  or  losses 
in  weight  of  such  materials.  P^urthermore,  whenever  the  tempera- 
ture of  the  water  in  the  heat-absorbing  device  is  below  the  dew-point 
of  the  air  within  the  chamber,  moisture  is  precipitated  from  the  air 
upon  the  heat  absorber  and  collected  as  drij).  The  weight  of  water 
thus  collected  nuist  of  course  be  added  to  the  quantity  just  mentioned. 
The  amount  of  water  vajjor  actually  eliminated  by  the  subject  is 
ascertained  from  all  these  data. 

The  quantity  of  carbon  dioxid  removed  from  the  air  current  is 
determined  from  the  gain  iu  weight  of  the  tliree  soda-lime  cylinders 
and  the  second  sul])huric-acid  jar.  The  latter  must  be  taken  into 
account,  because  the  moisture  it  absorbs  comes  from  the  soda  lime. 
It  happens  not  infrequently  that  the  reagent  in  the  first  cylinder  be- 
comes so  exhausted  that  the  weight  of  water  it  loses  is  greater  than 
that  of  the  carbon  dioxid  it  absorl)s.  The  algebraic  sum  of  the  gains 
and  losses  of  weight  by  these  four  absorbers,  therefore,  gives  the 
amount  of  carbon  dioxid  absorl)ed  from  the  air  current.  To  deter- 
mine the  total  quantity  actually  given  of(  by  the  subject,  however, 
allowance  n\ust  be  made  for  the  change  in  the  amount  residual  in 


the  air,  the  quantity  removed  from  the  air  current  in  analyzing  the 
residual  sample,  and  in  some  instances  the  small  quantity  mentioned 
below  in  the  consideration  of  possible  errors  in  determination. 

The  amount  of  oxygen  admitted  to  the  system  is  determined  from 
the  loss  in  weight  of  the  cylinder  from  which  it  is  supplied  and  the 
percentage  of  oxygen  in  the  gas  in  the  cylinder  as  found  by  analysis. 
To  detei'mine  the  amount  actually  consumed  allowance  must  of  course 
be  made  for  the  oxygerl  remaining  in  the  air  of  the  system. 

POSSIBILITIES   OF   ERROR   IN   THE   ABOVE  DETERZMINATIONS. 

Although  the  quantities  of  carbon  dioxid  and  Avater  vapor  given 
off  and  of  oxygen  consumed  by  the  subject  are  ascertained  in  the 
manner  above  described,  it  is  probable  that  some  small  corrections 
should  be  made  in  the  above  data  for  greater  accuracy.  It  seems 
desirable  to  mention  here  the  possible  sources  of  error  and  to  con- 
sider their  j^robable  effect  upon  the  results. 

INTERCHANGE  OF  AIR  THROUGH  THE  FOOD  APERTURE. 

The  food  aperture  has  an  air-tight  closure  at  each  end,  permitting 
the  exchange  of  articles  between  the  laboratory  and  the  respiration 
chamber.  It  is  assumed  that  when  the  outer  door  is  open  and  the 
inner  door  closed  the  air  in  the  aperture  has  the  same  composition 
as  that  of  the  laboratory,  and  that  when  the  outer  door  is  closed 
and  the  inner  one  open  the  composition  is  that  of  the  air  within  the 
chamber;  though  it  is  doubtful  if  diffusion  is  so  rapid  as  to  cause 
such  a  change  of  composition  of  the  air  in  the  aperture  during  the 
short  time  either  door  is  ever  kept  open.  On  the  other  hand,  when 
articles  are  transmitted  between  the  laboratory  and  the  respiration 
chamber  through  the  aperture  there  is  a  displacement  of  air  accord- 
ing to  the  volume  of  the  article  placed  in  the  aperture,  and  in  this 
way  there  is  opportunity  for  air  from  the  chamber  to  be  brought 
out  or  air  from  the  laboratory  to  be  admitted.  From  the  volume 
of  the  articles  sent  in  or  out  and  the  record  of  their  passage  back 
and  forth  through  the  aperture  an  estimate  can  be  made  of  the 
amount  of  air  passing  in  either  direction  and  of  the  quantity  of  the 
different  gases  thus  moved  into  or  out  of  the  respiration  chamber. 

In  the  case  of  water  vapor  the  differences  in  relative  humidity  of 
the  air  within  and  that  without  the  chamber  are  usually  so  small 
that  the  error  involved  in  neglecting  the  quantity  of  water  vapor 
in  such  interchange  of  air  is  infinitesimal. 

Under  ordinary  experimental  conditions  the  amount  of  carbon 
dioxid  involved  is  rarely  sufficient  to  make  an  appreciable  error  if 
neglected.    Under  other  conditions,  however,  for  example,  in  work 
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experiments,  when  the  carbon  dioxid  production  is  large  or  in  ex- 
periments in  which  this  gas  is  purposely  allowed  to  accumulate 
within  the  chamber,  the  displacement  of  all  the  air  in  the  food  aper- 
ture (4.5  liters)  might  result  in  the  escape  of  as  much  as  0.02  gram 
of  carbon  dioxid.  Because  the  percentage  of  carbon  dioxid  in  the 
air  of  the  chamber  is  so  much  larger  than  that  in  the  air  of  the 
laboratory,  the  interchange  of  air  always  results  in  a  loss  of  this  gas. 
The  total  amount  that  actually  does  escape  in  this  way  is  so  small, 
however,  in  comparison  with  that  in  the  chamber  under  the  condi- 
tions mentioned,  that  the  percentage  error  resulting  from  neglecting 
such  loss  entirely  would  be  inappreciable.  When  it  seems  necessary, 
an  allowance  can  be  made  for  the  amount  of  carbon  dioxid  thus  lost, 
but  it  is  simply  an  estimate,  as  it  is  not  actually  determined. 

A  slight  eiror  in  the  oxygen  determination  is  also  involved  in  the 
interchange  of  air  through  the  food  aperature.  This  may  be  either  a 
gain  or  a  loss,  according  to  the  difference  in  the  percentage  of  oxygen 
in  the  air  within  and  without  the  chamber.  As  in  the  case  of  carbon 
dioxid,  an  estimate  of  the  amount  gained  or  lost  can  be  made  when 
necessary,  but  it  is  usually  so  small  as  to  be  proportionately  inappre- 
ciable. 

AIR  REMAINING  IN  THE  ABSORBERS. 

When  the  first  water  absorber  is  removed  for  weighing  at  the  end 
of  each  period,  the  air  above  the  acid  still  contains  carbon  dioxid. 
Since  the  air  outlet  of  the  absorber  is  open  during  the  weighing,  there 
is  opportunity  for  diU'usion,  and  carbon  dioxid  may  escape,  though 
it  is  doubtful  if  much  does  escape  in  this  way.  When  the  absorber 
is  finally  removed  to  change  the  acid,  however,  it  is  likely  that  the 
carbon  dioxid  remaining  at  that  time  is  lost.  The  volume  of  air  in 
the  absorber  is  known,  and  the  proportion  of  carbon  dioxid  present 
is  also  known,  l)ecause  the  residual  analysis  is  made  just  before  the 
absorber  is  I'emoved ;  hence  a  definite  allowance  can  be  made  for  the 
(juantity  of  carbon  dioxid  lost  in  this  way. 

It  is  assumed  that  the. air  in  the  soda-lime  cylinders  and  in  the  sec- 
ond water  absorber  is  free  from  carbon  dioxid,  and  tliat  tlierefore 
none  of  this  gas  is  lost  when  these  absorbers  are  removed.  The  air 
in  all  the  absorbers,  including  both  these  and  the  first  water  absorber, 
usually  c(mtains  a  smaller  proportion  of  oxygen  than  that  present  in 
the  air  of  the  laboratory,  and  there  is  therefore  opportunity  for  the 
acquisition  of  oxygen  from  the  air  of  the  laboratory  l)y  diffusion, 
but  probably  little  is  thus  acquired.  When  the  al)S()rbers  are  again 
connected  in  the  system  air  is  forced  into  them  under  pressure  to  test 
for  leakage,  and  some  of  this  of  course  )'ei)lace.s  the  air  present  in  the 
absorbers  when  they  were  removed,  and  thus  changes  the  proportions 
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of  the  gases  present.  Furthermore,  when  the  reagents  in  the  ab- 
sorbers are  exhausted  and  removed  and  fresh  reagents  supplied,  the 
air  in  the  absorbers  is  entirely  replaced  by  ordinary  air.  Since,  as 
stated  above,  the  proportion  of  oxygen  in  the  air  removed  in  the 
absorbers  is  smaller  than  that  of  ordinary  air,  there  Avould  be  an  ad- 
dition of  oxygen  to  the  system  by  the  change  of  absorbers.  The 
quantity  of  oxygen  thus  introduced  may  be  estimated  and  allow- 
ance made  for  it. 

COMPOSITION  OF  THE  SAMPLE  OF  RESIDUAL  AIR. 

It  is  assumed  that  the  residual  air  analyzed  at  the  end  of  each 
period  is  a  fair  sample  of  the  total  air  in  the  respiration  chamber. 
Since  the  air  entering  the  chamber  is  free  from  carbon  dioxid  and 
water  vapor,  and  that  leaving  it  contains  both,  there  is  unquestion- 
ably an  area  about  the  outlet  of  the  ingoing  air  pipe  in  which  the 
percentage  of  carbon  dioxid  and  water  vapor  is  much  lower  than  in. 
other  parts  of  the  chamber.  Furthermore,  the  air  leaving  the  cham- 
ber is  deficient  in  oxygen,  whereas  that  entering  the  chamber  contains 
the  oxygen  supplied  to  make  good  this  deficiency ;  hence  there  is  also 
a  difference  in  the  proportion  of  oxygen  in  the  regions  mentioned. 
Moreover,  the  air  enveloping  the  body  of  the  subject  becomes  warm 
and  rises,  so  that  there  is  a  stratification  of  the  air  with  possible 
differences  in  composition  of  different  strata.  This  is  the  basis  of  a 
criticism  by  Heymann "  on  the  research  of  Wolpert  on  the  effect  of 
carbon  dioxid  in  the  air  on  the  total  carbon  dioxid  elimination 
through  the  lungs.  Heymann  takes  exception  to  Wolpert's  assump- 
tion that  the  composition  of  the  air  drawn  from  any  point  in  the 
closed  box  represents  the  average  composition  of  the  total. 

As  a  matter  of  fact,  the  analyses  obtained  by  Wolpert  were  used  in 
such  a  manner  that  the  error  involved  would  have  a  maximum  effect, 
Avhereas  in  the  use  of  the  analyses  of  the  residual  air  in  the  investi- 
gations here  reported  such  an  error  is  much  less  significant.  In 
Wolpert's  apparatus  there  was  no  movement  of  the  air;  in  this  ap- 
paratus there  is  a' circulation  of  75  liters  per  minute.  Furthermore, 
the  absolute  variations  in  the  quantities  of  the  carbon  dioxid  residual 
in  the  chamber  are  of  much  less  importance  in  our  computations  than 
the  relative  changes,  and  in  the  determinations  made  with  the  respi- 
ration calorimeter  it  is  assumed  that  fluctuations  in  the  composition 
of  the  air  in  the  outgoing  air  pipe  are  jiarallel  to  the  fluctuations 
in  composition  of  the  large  mass  of  air  within  the  respiration  cham- 
ber. At  present  there  is  no  simple  method  of  obtaining  samples  of 
the  air  in  such  a  way  as  to  eliminate  this  assumption.  That  the 
possible  error  can  in  any  wise  seriously  influence  the  results  is  very 
much  to  be  doubted. 
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CALCULATIONS  OF  THE  AMOUNTS  OF  RESIDUAL  GASES. 

To  calculate  the  quantities  of  gases  residual  in  the  chamber,  the 
values  obtained  in  the  analyses  of  the  sample  of  residual  air  must  be 
multiplied  by  a  rather  large  factor,  corresponding  to  the  ratio  be- 
tween the  volume  of  air  taken  for  a  sample  and  the  total  volume  of 
air  residual  in  the  chamber.  The  computation  of  this  total  volume 
depends  upon  several  factors:  (1)  Measurements  of  apparent  vol- 
ume, which  are  definite;  (2)  corrections  for  alterations  in  volume 
due  to  the  passage  of  objects  into  or  out  of  the  chamber,  Avhich  can  be 
computed  with  considerable  accuracy;  (3)  variations  in  barometric 
l^ressure,  which  can  be  obtained  with  an  accurate  barometer,  to  the 
thousandths  of  an  inch,  and  (4)  the  average  temperature  of  the  air 
within  the  chamber,  which  as  yet  is  difficult  to  ascertain  with  the  de- 
sired accuracy. 

In  calculating  the  total  volume  of  air  it  is  assumed  that  the  tem- 
perature of  the  air  is  not  far  from  uniform  in  all  parts  of  the  chamber 
and  that  the  average  temperature  of  the  air  is  ascertained  by  use  of 
the  electric  resistance  thermometers  (see  p.  20).  Neither  of  these 
assumj)tions  is  strictly  correct,  as  is  shown  by  the  discussion  of  the 
thermal  gradient  given  beyond. 

Any  error  in  the  last  factor  above  mentioned  affects  the  calcula- 
tion of  the  ainounts  of  all  the  residual  gases,  though  in  the  case  of 
water  vapor  the  effect  is  small,  since  the  total  amount  present  is 
seldom  over  70  or  80  grams.  The  error  in  the  case  of  carbon  dioxid 
would  be  somewhat  larger,  as  the  total  amount  jDresent  may  at  times 
be  180  grams.  In  the  case  of  the  oxygen,  however,  of  which  from 
1,200  to  1,400  grams  may  be  present,  a  very  small  error  in  the  tem- 
perature measurement  would  have  a  relatively  large  effect  on  the 
results  of  the  calculations. 

HYGROMETRIC  CONDITIONS  WITHIN  THE  CHAMBER. 

In  experiments  with  the  respiration  apparatus  serious  difficulty  has 
been  experienced  in  obtaining  satisfactory  determinations  of  water; 
but  by  eliminating  as  far  as  possible  all  known  sources  of  error  this 
difficult}'  has  been  gradually  overcome,  until  at  the  present  time  very 
satisfactory  results  can  be  obtained,  as  shown  ])y  the  data  of  test  ex- 
periments given  beyond  (p.  40).  The  chief  difficulty  now  is  in 
apparent  changes  in  the  hygronietric  condition  of  objects  within  the 
chamber.  Metal  surfaces  are  usually  considered  nearly  devoid  of 
any  degree  of  hygroscopy,  and  every  efl'ort  is  made  to  avoid  all  fix- 
tures other  than  those  of  metal  inside  the  chamber,  but  it  is  evident 
that  even  these  impart  moisture  to  dry  air.  For  example,  in  an 
experiment  in  which  the  accuracy  of  the  apparatus  is  tested  by  com- 
bustion of  alcohol  Avithin  the  chamber  (see  p.  4^1-),  the  amount  of 
water  produced  is  so  small  that  the  amount  of  residual  water  vapor 
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decreases  and  the  atmosphere  becomes  drier.  Under  these  condi- 
tions water  seems  to  be  given  otf  by  the  Avails  of  the  chamber  and 
other  metal  surfaces,  as  the  quantity  of  Avater  absorbed  from  the  air 
current  is  larger  than  should  be  obtained  from  the  combustion  of  the 
known  quantity  of  alcohol.  It  is  usually  some  hours  after  the  ex- 
periment begins  before  the  Avails  are  so  dry  that  they  Avill  no  longer 
yield  water  to  the  dry  air. 

AVhen  a  man  is  in  the  chamber  the  degree  of  humidity  of  the  air  is 
not  nearly  as  Ioav  ;  still  it  is  possible  that  cA'en  then,  moisture  is 
derived  from  the  metal  surfaces.  Some  is  certainly  absorbed  from 
books,  bedding,  and  clothing  of  the  subject,  the  amount  of  Avhich 
is  ascertained  by  actual  Aveighing  of  these  objects,  as  already  ex- 
plained. The  technique  of  the  determination  of  loss  of  water  by  the 
contents  of  the  chamber  other  than  metal  fixtures  has  been  so  per- 
fected that  an  accurate  correction  for  the  water  vapor  from  this  source 
is  noAV  obtained,  and  it  is  beli-eved  that  no  great  error  is  introduced 
by  assuming  that  the  hygrometric  conditions  of  the  metal  surfaces 
are  the  same  at  the  end  of  the  experiment  as  at  the  beginning. 

IMPURITIES  IN  THE  COMPRESSED  OXYGEN. 

The  gases  in  the  cylinder  from  Avhich  oxygen  is  supplied  to  the 
system  are  passed  first  through  soda  lime  and  sulphuric  acid  to  re- 
move carbon  dioxid  and  Avater  vapor.  It  is  assumed  that  only 
oxygen  and  nitrogen  remain,  and  that  in  the  analysis  all  that  is  not 
absorbed  by  potassium  hydroxid  or  postassium  pyrogallate  is  nitro- 
gen. By  the  results  of  these  anah^ses  the  quantities'of  oxygen  and 
nitrogen  admitted  to  the  system  are  computed.  There  is  reason  for 
believing  that  there  ai"e  small  amounts  of  volatile  hydrocarbons 
Avhich  possibly  escape  absorption  in  the  sulphuric  acid  tube  used  to 
dry  the  oxygen,  but  they  are  so  small  that  as  yet  no  correction  has 
been  made  for  them. 

THERMAI^  GRAniENT  WITHIN  THE  CHAMBER. 

It  is  explained  above  that  in  calculating  the  total  A'olume  of  the 
air  residual  Avithin  the  system,  it  is  assumed  that  the  temperature 
of  the  air  is  not  far  from  uniform  in  all  parts  of  the  respiration 
chamber,  and  that  the  electrical  i-esistance  thermometers  give  the 
average  temperature  of  the  air,  but  that  neither  assumption  is  be- 
lieved to  be  correct.  When  there  is  no  source  of  heat  Avithin  the 
apparatus,  it  is  possible  by  means  of  the  heating  and  cooling  devices 
to  keep  the  Avails  of  the  chamber  at  constant  temperature  for  hours 
at  a  time;  yet  even  under  these  conditions  it  is  by  no  means  certain 
that  the  temperature  of  the  air  is  uniform  in  all  parts  of  the  cham- 
ber. If  it  Avere  possible  to  determine  the  average  temperature  cor- 
rectly, that  Avould  be  satisfactory  for  the  calculations. 
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Changes  in  the  temperature  of  (he  air  are  determined  electrically 
by  variation  in  resistance  of  coils  of  copjjer  wire  due  to  differences 
in  heating.  Five  such  coils  are  distributed  in  various  parts  of  the 
apparatus,  each  of  which  is  affected  by  the  temperature  of  the  air  sur- 
rounding it,  and  in  former  exjx'riments,  when  oxygen  was  not  deter- 
mined, it  has  l)een  sufficiently  accurate  to  assume  that  the  average 
variation  of  the  five  coils  taken  as  a  whole  will  closely  ap])r()ximate 
the  average  fluctuations  of  the  temperature  of  the  air  within  the 
chamber.  But  in  experiments  with  the  present  form  of  apparatus, 
in  which  the  oxygen  is  determined,  the  j)r()portion  of  oxygen  present 
in  the  air  is  so  large,  as  previously  stated,  that  accurate  determina- 
tions of  the  temperature  are  needed,  for  which  the  ])resent  method 
of  determining  temperature  variations  of  the  air  in  the  chamber 
seems  ^ulsatisfactor3^ 

When  heat  is  jjroduced  in  the  chaml)er  by  means  of  an  electric 
resistance  coil,  the  temperature  in  diff'ei'ent  regions  I'anges  from  about 
i()0°  C,  that  of  the  coil,  to  8°  or  that  of  the  water  entering  the 
lu'at  absorbers ;  and  in  tests  of  the  apjjaratus  by  the  combustion  of  alco- 
hol the  range  is  nmch  wider,  the  temperature  of  the  alcohol  flame  be- 
ing 1,500°.  By  regulating  the  absorption  of  heat,  an  attempt  is  made 
to  keep  what  is  supposed  to  be  the  average  temperature  of  the  air  at 
'20°.  The  air  in  the  immediate  vicinity  of  the  source  of  heat  is  there- 
fore nuich  warmer  and  more  rarified  than  the  average,  and  that  in 
close  proximity  to  the  heat  absorber  is  somewhat  cooler  and  more 
dense.  In  both  cases,  however,  the  area  in  which  the  air  is  above  the 
average  is  mxich  less  than  that  in  which  it  is  below  it,  and  as  the  cold 
air  falls  and  the  warm  air  rises,  the  temperature  would  become  more 
ecpuilized.  Since  in  both  cases  the  sources  of  heat  are  fixed  and  the 
rate  of  evolution  of  heat  is  constant,  and,  furthermore,  the  rate  of  ab- 
sorption is  kept  fairly  uniform,  the  fluctuations  in  temperature  (and 
consecpiently  in  apparent  volume)  of  the  air  are  very  much  reduced. 

With  a  man  inside  the  chamber,  on  the  other  hand,  the  possibility 
of  temperature  equilibrium  is  least,  for  not  only  is  the  area  of  high 
temperature  very  nuich  greater,  but  the  rate  of  evolution  of  heat  from 
the  man  may  range  from  (10  to  SO  calories  per  hour  during  sleep  to 
above  GOO  calories  per  hour  in  a  work  experiment.  If  the  man  were 
always  in  one  position  and  did  not  exercise,  the  rate  of  evolution  of 
heat  would  be  fairly  constant,  and  in  spite  of  the  large  area  of  heat 
radiation  the  difficulties  in  obtaining  the  average  temperature  of  the 
air  inside  the  chamber  would  not  be  insurmountable.  Such  condi- 
tions practically  exist  at  night  after  the  man  has  gone  to  bed,  as  his 
l)ody  is  then  covered  with  the  bedclothing  and  the  heat  emission  is 
fairly  constant. 

In  spite  of  the  wide  distribution  of  the  electrical  resistance  ther- 
mometers used  for  observing  the  temperature  of  the  air,  it  is  doubtful 
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whether,  under  even  these  most  favorable  circumstances,  they  do  indi- 
cate the  true  temperature  conditions  with  tlie  accuracy  to  be  desired. 
It  is  certain  tliat  they  do  not  Avlien  the  man  is  not  in  bed,  and  espe- 
cially when  he  is  at  hard  work. 

By  changes  in  clothing,  by  alterations  in  the  confined  volumes  of 
air  betAveen  clothing  and  skin,  and  by  the  absorption  or  emission  of 
heat  by  other  objects  in  the  chamber,  esj^ecially  the  chair,  bed,  bed- 
ding, etc.,  there  are  produced  fluctuations  in  the  heat  emission  other 
than  those  actually  arising  from  the  muscular  activity  of  the  subject. 
In  addition  to  these  minor  fluctuations,  there  are  great  differences  in 
heat  evolution  resulting  from  variations  in  muscular  activity,  so  that 
the  presence  of  the  subject  means  a  continually  varying  source  of 
heat.  On  the  other  hand,  in  order  to  bring  away  the  heat  as  fast  as 
it  is  generated,  it  becomes  necessary  to  alter  the  heat-absorbing  capac- 
ity of  the  cooling  system  by  passing  in  colder  water,  by  increasing  the 
rate  of  flow  of  water  through  the  SA^stem,  or  by  lowering  the  shields 
surrounding  the  heat  absorbers  and  thus  increasing  their  area.  There 
is  therefore  a  corresponding  fluctuation  in  the  temperature  of  the 
air  in  the  vicinity  of  the  heat  absorbers,  a  temperature  always  lower 
than  that  of  the  room,  tending  to  contract  the  air  and  thus  apparently 
counteracting  or  compensating  for  the  apparent  increase  in  volume 
resulting  from  the  increased  temperature  of  the  air  about  the  body  of 
the  man. 

Unfortunately,  the  difficulties  in  experimenting  to  ascertain  how 
far  these  two  tendencies  do  counteract  each  other  are  such  that  little 
has  been  determined  regarding  their  resultant  effect.  There  is  little 
doubt,  however,  that  there  are  differences  in  temperature  of  the  air 
that  are  not  measured  accurately  by  the  electric  thermometers.  Con- 
sequently there  is  an  error  in  assuming  that  the  temperature  differ- 
ences as  determined  by  these  thermometers  are  differences  in  average 
temperature  of  the  air,  and  accordingly  the  computations  of  the  vol- 
ume of  air  depending  on  this  factor  contain  a  corresponding  error. 

A  partial  check  on  the  electrical  thermometers  is  obtained  by  ob- 
servations of  the  position  of  the  rubber  diaphragms  on  the  pans  for 
equaliziug  pressure  of  the  air  in' the  system.  AVith  the  present  form 
of  closed  circuit  the  respiration  chamber  proper  is  practically  the 
bulb  of  an  enormous  air  thermometer.  Since  the  whole  system  is  at 
atmospheric  pressure  "the  changes  in  volume  produced  by  changes  in 
temperature  inside  the  bulb  are  all  indicated  by  the  position  of  the 
rubber  diaphragms.  If,  during  Mie  progi'ess  of  an  experimental 
period,  the  volume  of  oxygen  admitted  is  exactly  equal  to  the  volume 
of  the  carbon  dioxid  and  water  vapor  absorbed  the  position  of  the 
diaphragms  Avill  remain  constaut,  provided  there  are  no  changes  in 
temperature  or  pressure.  The  oxygen  is  seldom  admitted,  hoAvever, 
Avith  such  regularity,  but  is  usually  introduced  intermittently.  When 


the  pans  have  been  filled  nearly  to  the  top  by  adniittinfj;  oxyfjen  and 
the  supply  is  then  cut  oli',  there  should  be  normally  a  gradual  tliniinu- 
tion  in  the  volume  of  air  in  the  pans  corresponding  to  the  volume  of 
carbon  dioxid  and  water  vapor  absorbed.  This  will  be  evident  by  a 
gradual  settling  of  the  rul)ber  diaphragms.  But  if  there  is  a  sudden 
increase  in  the  evolution  of  heat  inside  the  apparatus  the  rubber  dia- 
phragm will  cease  to  fall  and  will  even  begin  to  rise,  owing  to  ex- 
pansion of  the  air.  This  change  may  actually  take  place  some  mo- 
ments before  an  increase  in  temperature  is  recorded  by  the  electrical 
resistance  thermometer,  thus  showing  that  the  air  thermometer,  con- 
sisting of  the  chamber  and  pans,  is  very  much  more  sensitive  than  the 
resistance  theremometers.  Similarly,  if  the  subject  is  riding  the 
ergometer  and  suddenly  stops  work,  there  will  l)e  a  cooling  etfect  and 
the  diaphragms  will  rapidly  fall. 

Xot  (mly  will  sudden  fluctuations  in  the  heat  evolution  produce 
(his  rise  and  fall  in  the  diaphragm,  but  similar  changes  in  the  rate 
of  heat  absorption  will  also  produce  corresponding  results.  As  the 
heat  absorption  is  retarded  by  raising  the  shields,  the  diaphragms 
rise,  and  if  the  heat  absorption  is  increased  by  lowering  the  shields, 
they  fall. 

Attempts  have  been  made  to  secure,  if  possible,  either  a  more  even 
temperature  throughout  the  chamber  or  a  more  accurate  measure- 
ment of  average  temperature.  In  one  series  of  experiments  a  small 
electric  fan  was  susj)ended  from  the  ceiling  of  the  chamber  in  such 
a  way  as  to  force  the  air  downward.  The  experimental  work  with 
this  fan,  however,  was  of  short  duration.  There  is  a  distinct  dis- 
advantage in  complicating  the  apparatus  by  its  use.  Correction  must 
be  made  for  the  amount  of  heat  generated  by  the  motor,  for  which 
purpose  accurate  measurement  of  the  electric  current  used  must  be 
obtained.  When  the  city  circuit  is  used  to  run  the  motor,  the  measure- 
ments must  be  made  very  frequently  because  of  fluctuations  in  the 
voltage. 

Tlie  ordinary  conditions  within  the  chamber  are  perhaps  best  in 
this  respect,  since  the  cold  air  in  falling  through  the  distance  to  the 
floor  becomes  warm  and  the  temperature  of  a  considerable  jiortion 
of  the  air  thereby  equalized.  However,  the  bod\'  of  the  man, 
especially  when  riding  the  ergometer,  is  much  nearer  the  top  of  the 
chamber  than  the  bottom,  and  heated  air  from  the  body  rises  to  the 
copper  ceiling.  Owing  to  the  regulation  of  the  temperature  of  the 
ceiling,  loss  of  heat  is  prevented,  but  it  is  obvious  that  the  air  will 
not  be  equally  heated  under  these  conditions. 

The  problem  of  obtaining  the  average  temperature  of  the  air  in  the 
chamber  is  therefore  a  serious  one.  The  redistribution  of  the  elec- 
trical thermometers  could  hardly  do  more  than  give  the  average  tem- 
perature of  another  portion  of  the  air.    An  electric  thermometer 
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extending  in  a  straight  line  from  the  bottom  to  the  top  of  the  chamber 
and  thus  measuring  the  average  vertical  gradient  has  been  consid- 
ered, but  the  location  of  this  thermometer,  in  a  large  measure,  decides 
its  average  temperature.  Obviously,  it  must  not  be  placed  too  close 
to  the  cold  air  about  the  heat  absorbers  nor  too  near  the  heat  from  the 
body  of  the  subject. 

By  means  of  several  electric  fans  the  air  could  perhaps  be  kept  in 
motion  in  so  many  different  directions  that  the  temperature  would  be 
equalized  so  that  the  electrical  thermometers  would  give  a  very  close 
approximation  to  the  true  average  temperature.  A  serious  objection 
to  the  use  of  fans  has  been  mentioned  above,  however,  and,  further- 
more, it  would  be  extremely  uncomfortable,  if  not  somewhat  danger- 
ous, for  the  subject  to  be  exjjosed  to  strong  blasts  of  air. 

Since  the  muscular  activity  and  bodily  position  of  the  subject  are 
the  same  at  7  a.  m.  each  day,  when  the  sample  of  air  is  taken  for 
oxygen  analysis,  it  is  highly  probable  that  the  errors  in  oxygen  de- 
termination, due  to  uncertainty  in  the  temperature  measurements  of 
the  residual  air,  are  not  appreciable  at  the  end  of  an  experimental 
period  of  twenty-four  hours.  The  maximum  error  occurs  in  short 
experimental  periods,  with  greatest  differences  in  muscular  activity 
at  the  beginning  and  end  of  the  periods.  During  rest  experiments 
those  following  7  a.  m.  and  11  p.  m.  are  most  affected.  In  work  ex- 
periments the  periods  in  which  the  bodily  activity  of  the  subject 
varies  at  the  end  from  that  at  the  beginning  are  most  liable  to  error 
in  the  measurement  of  the  average  temperature  of  the  air  in  the 
chamber.  For  all  periods  with  like  muscular  activity  at  the  begin- 
ning and  at  the  end  the  error  may  be  considered  negligible. 

THE  CALOUIMETER. 

It  has  been  stated  (p.  13)  that  the  device  employed  in  these  inves- 
tigations combines  a  respiratory  apparatus  and  a  calorimeter  in  the 
same  construction,  and  the  determination  of  the  heat  output  of  the 
subject  is  made  concurrently  with  the  measurements  of  the  respira- 
tory products  and  oxygen.  The  apparatus  is  so  devised  and  manipu- 
lated that  the  passage  of  heat  through  the  walls  of  the  chamber  is 
prevented,  and  the  heat  evolved  by  the  subject  can  not  escape  in  any 
other  Avay  than  that  provided  for  carrying  it  out  and  measuring  it. 
A  small  quantity  leaves  the  chamber  as  latent  heat  of  water  vapor, 
but  the  major  portion  is  sensible  heat  absorbed  by  a  current  of  cold 
water  j)assing  through  a  coil  of  pipe  within  the  chamber.  The  prin- 
ciple of  the  calorimeter  is  the  same  as  described  in  previous  publica- 
tions <^  of  this  Office.  A  very  detailed  description  of  the  construc- 
tion and  manipulation  of  it  has  recently  been  published.''    A  brief 

a  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Buls.  6.3,  G9,  109,  and  136. 
6  Carnegie  Inst.  Washington  Pub.  No.  42,  p.  106. 
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explanation  of  the  arrangements  for  preventing  the  passage  of  heat 
through  the  walls  of  the  chamber  and  for  removing  and  measuring 
it  will  therefore  suffice  here. 

GENERAL  CONSTRUCTION. 

The  principle  of  the  construction  of  the  calorimeter  as  a  whole  is 
much  like  tliat  of  an  ordinary  refrigerator,  namely,  a  chamber  sur- 
rounded by  a  series  of  confined  air  spaces.  The  walls,  ceiling,  and 
Hoor  of  the  calorimeter  chamber  (which  is  of  course  the  respiration 
chamber)  are  copper.  On  all  sides  of  the  chamber  the  copper  is 
attached  to  a  wooden  framework,  to  the  outside  of  which  is  fastened 
a  shell  of  zinc  concentric  with  that  of  copper,  a  dead-air  space,  about 
3  inches  across,  separating  the  two  metal  shells.  About  3  inches 
outside  of  the  zinc  is  a  concentric  shell  of  wood,  and  an  equal  distance 
from  this  is  the  outer  wooden  structure.  (See  frontispiece.)  For 
convenience  in  access  to  the  exterior  of  the  metal  walls,  the  wooden 
shells  are  made  in  removable  panels,  and  the  chamber  is  mounted  on 
casters,  so  that  it  may  be  rolled  out  of  the  wooden  casing. 

The  sjiace  between  the  zinc  and  the  inner  wooden  shell  is  the 
"  inner  air  space,"  and  that  between  the  two  wooden  shells  is  the 

outer  air  space,"  both  of  which  are  thus  designated  hereafter. 
The  wooden  casing  surrounding  the  chamber  on  all  sides,  and  espe- 
cially the  air  spaces  with  the  devices  for  heating  and  cooling  them, 
mentioned  below,  afford  means  for  controlling  the  temperature  of 
the  zinc  wall  and  protecting  it  against  fluctuations  in  temperature 
of  the  air  surrounding-  the  outer  wooden  casing. 

HEATING  AND  COOLING  THE  AIR  SPACES. 

CJain  or  loss  of  h"at  through  the  metal  walls  of  the  chamber  is 
l)re vented  by  keeping  the  zinc  wall  at  the  same  temperature  as  the 
copper,  in  which  case  there  will  be  no  exchange  of  heat  between 
them.  For  this  purpose  provision  is  made  for  heating  or  cooling 
the  inner  air  space,  and  thus  heating  or  cooling  the  zinc.  The  heat- 
ing is  accomplished  by  passing  a  curi-ent  of  electricity  through  a 
German  silver  resistance  wire  installed  in  the  space,  the  amount  of 
heat  being  conti'olled  by  a  rheostat  on  th(^  o!)server's  table.  For 
cooling,  a  current  of  water  is  passed  through  a  small  brass  pipe  in 
the  same  space. 

Similar  provision  is  made  for  heating  and  cooling  the  outer  air 
space  to  aid  in  2:)rotection  against  changes  in  temperature  of  the 
air  in  the  laboratory.  This  is  especially  desirable  because,  from 
lack  of  facilitiesr.for  heating  and  cooling  the  laboratory  uniformly, 
the  temperature  of  the  air  immediately  surrounding  the  outer  wooden 
wall  varies  widely  at  dift'erent  parts.  For  example,  there  may  l)e  a 
.,21482— No.  175—07  3  •  . 
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difference  of  10°  between  the  temperature  at  the  floor  and  that  at 
the  ceiling,  due  to  the  fact  that  the  laboratory  is  a  basement  room 
and  is  heated  by  steam  pipes  near  the  ceiling;  and  -without  some 
such  precaution  as  that  described  above  there  might  be  heat  flowing 
in  at  the  top  of  the  calorimeter  chamber  and  out  at  the  bottom. 

THERMOELECTRIC  ELEMENTS  IN  THE  METAL  WALLS. 

In  order  to  know  whether  to  heat  or  cool  the  zinc  wall,  it  is  neces- 
sary to  knoAY  whether  it  is  colder  or  warmer  than  the  copper.  For 
this  purpose  the  device  introduced  by  Prof.  E.  B.  Eosa "  is  employed. 
Thermoelectric  elements  of  iron  and  German  silver  Avire  are  in- 
stalled betAveen  the  tAvo  metal  Avails  in  such  a  Avay  that  one  end  of 
each  element  is  in  thermal  contact  Avith  the  copper  and  the  other 
end  Avith  the  zinc  wall,  and  are  connected  with  a  delicate  galvano- 
meter on  the  observer's  table.  The  difference  between  the  tempera- 
ture of  the  copper  Avail  at  one  end  of  the  elements  and  that  of  the 
zinc  Avail  at  the  other  end  is  indicated  by  the  deflections  on  the  gal- 
A^anometer,  one  direction  showing  that  the  zinc  is  cooler  and  the 
other  that  it  is  Avarmer  than  the  copper,  and  accordingly  whether  to 
heat  or  cool. 

The  temperature  of  the  copper  wall  depends  on  the  rate  at  which 
heat  is  being  produced  Avithin  the  chamber  and  that  at  Avhich  it  is 
being  carried  out  as  explained  later.  An  effort  is  made  to  have  the 
latter  exactly  parallel  with  the  former,  so  as  to  maintain  i^ractically 
constant  temperature  within  the  chamber,  but  in  spite  of  this  regu- 
lation, local  temperature  differences  occur  in  different  parts  of  the 
walls.  For  this  reason  the  thermoelectric  elements,  a  large  number 
of  Avhich  are  distributed  throughout  the  Avails,  ceiling,  and  floor  of 
the  chamber,  are  connected  with  each  other  and  with  the  galvanometer 
in  such  a  way  that  it  is  possible  to  determine  temperature  differences 
between  the  copper  and  zinc  walls,  not  only  as  a  whole,  but  also  in 
four  sections,  corresponding  to  the  top  of  the  chamber,  the  upper  sec- 
tion, which  comprises  a  little  less  than  half  of  all  four  sides,  the 
loAver  section,  comprising  the  remainder  of  the  four  sides,  and  the 
floor.  MoreoA'er,  the  heating  and  cooling  circuits  are  arranged  to 
correspond  with  these  sections,  so  that  one  section  may  be  heated 
or  cooled  Avithout  affecting  the  others.  The  observer  may  there- 
fore note  the  galvanometer  deflections  for  the  different  sections,  and 
heat  or  cool  accordingly.  It  is  possible,  for  example,  that  the  top 
section  may  need  cooling  and  the  bottom  need  heating  at  the  same 
time.  An  observer  Avith  a  little  skill  may  keep  all  the  correspond- 
ing sections  of  the  zinc  and  copper  Avails  adiabatic.  As  a  matter  of 
fact,  instead  of  attempting  to  keep  the  deflections  constantly  at  zero, 
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they  are  kej)!  within  very  small  limits  and  the  plus  and  minns  de^ 
flections  are  made  to  equal  each  other  during  a  given  i)eriod.  In 
this  way,  the  snuiU  quantity  of  heat  that  may  2)ass  in  one  direction 
is  exactly  counterbalanced  by  ihe  (juantity  passing  in  the  other] 
direction,  and  there  is  no  actual  gain  or  loss  through,  the  walls. 

The  outer  air  space  is  likewise  divided  into  four  sections,  cor-j 
respcmdiug  to  those  of  the  inner  space,  and  each  of  these  sections  has 
its  thermoelectric  elements  and  its  heating  and  cooling  circuits;  and' 
these  sections  are  heated  or  cooled  as  needed  to  keep  their  tempera- 
ture in  agreement  with  that  of  the  corresponding  sections  of  the  inner 
siDace.  thus  protecting  the  inner  space  against  fluctuations  in  tem- 
perature of  the  air  of  the  laboratory. 

REGULATION  OF  THE  TEMPERATURE  OF  THE  AIR  CURRENT. 

In  order  that  the  chamber  will  neither  gain  or  lose  heat  by  changes 
in  temperature  of  the  air  current,  the  temperature  of  the  ingoing  air 
is  kei^t  the  same  as  that  of  the  air  leaving  the  chamber.  A  system 
of  thermal  junctions  is  installed,  with  one  end  in  the  ingoing  and  the 
other  end  in  the  outgoing  air,  and  provision  is  made  for  heating  or 
cooling  the  ingoing  air  as  indicated  by  the  galvanometer  deflections. 

REMOVAL  OF  HEAT  FROM  THE  CHAMBER. 

A  portion  of  the  heat  generated  witiiin  the  chamber  is  carried  out 
as  latent  heat  of  water  vapor  in  the  air  current.  The  major  portion, 
however,  is  removed  by  a  current  of  cold  water  which  passes  through 
a  pipe  extending  around  the  chamber  near  the  ceiling  and  absorbs 
the  heat.  To  increase  the  heat-absorbing  area,  a  large  number  of 
copper  disks  are  soldered  along  the  pipe. 

It  has  been  stated  that  effort  is  made  to  extract  the  heat  just  as 
fast  as  it  is  produced,  and  thus  maintain  a  comparatively  constant 
temperature  in  the  chamber.  To  this  end  it  is  necessary  that  the  rate 
of  absorption  may  be  accurately  controlled.  This  is  accomplish.ed 
in  three  ways:  First,  by  increasing  or  diminishing  the  rate  of  flow 
of  water  through  the  pipe;  second,  by  raising  or  lowering  the  tem- 
jx'rature  of  the  water  entering  the  heat  absorber;  and  third,  for  the 
finer  regulation,  exposure  of  the  absorbing  area  to  the  heat  may  be 
increased  or  decreased  by  raising  or  lowering  the  metal  shields  which 
partially  surround  the  pipe  and  disks.  As  the  shields  are  raised  they 
l)ecome  filled  with  cold  air  and  act  as  insulators;  when  they  are  low- 
ered a  greater  absorption  area  is  exposed. 

The  water  pipes  and  disks  and  the  shields  are  plainly  seen  in  Plate 
I,  figures  1  and  2,  page  40. 
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MEASUREMENT  OF  TEMPERATURE  OF  THE  CALORIMETER 

CHAMBER. 

Since  the  temperature  of  the  calorimeter  depends  upon  the  produc- 
tion of  heat  hy  the  subject,  and  this  varies  with  the  muscular  activity, 
larger  or  smaller  fluctuations  in  temperature  are  constantly  occurring, 
especially  when  there  is  marked  and  sudden  change  in  the  inuscular 
activity  of  the  subject,  as,  for  example,  in  going  to  bed  or  getting  up, 
or  beginning  or  ending  muscular  work.  If  the  heat  is  to  be  removed 
in  accordance  with  the  rate  at  which  it  is  produced,  so  as  to  main- 
tain approximately  a  constant  temperature,  these  fluctuations  must  be 
detected.  Some  means  for  determining  the  temperature  of  the  cham- 
ber is  therefore  necessary,  for  which  purpose  electrical  resistance 
thermometers  are  used.  One  series  of  coils  of  copper  wire  having  a 
total  resistance  of  about  20  ohms  is  distributed  in  different  parts  of 
the  chamber  so  as  to  determine,  as  previously  explained,  the  average 
temperature  of  the  air  of  the  chamber.  These  coils,  though  suspended 
from  the  walls,  are  insulated  from  them  and  exposed  to  the  air,  so  as 
to  acquire  the  temperature  of  the  latter  rather  than  of  the  former. 

Another  series  of  coils  of  approximately  the  same  resistance  is  used 
to  determine  the  temperature  of  the  Avails  themselves.  Each  of  the 
coils  in  this  series  is  inclosed  in  a  small  metal  box  that  is  attached  to 
the  wall,  and  is  in  direct  thermal  contact  with  the  metal.  Some  of 
the  coils  of  both  series  may  be  seen  in  Plate  I,  figures  1  and  2,  page  iO. 

Both  series  of  coils  are  connected  electrically  with  a  special  form  of 
Wheatstone  bridge  and  with  the  galvanometer  previously  mentioned, 
and  by  this  means  changes  in  temperature  of  the  air  or  of  the  copper 
wall  can  be  determined  to  the  hundredth  of  a  degree.  The  variations 
are  always  very  small,  generally  amounting  to  not  over  a  few  hun- 
dredths of  a  degree,  since  the  rate  of  abstraction  of  heat  may  be  reg- 
ulated so  closely  in  accordance  with  that  at  which  it  is  produced. 

If  the  temperature  of  the  calorimeter  is  lower  at  the  end  than  at 
the  beginning  of  a- period  it  has  lost  heat;  and  if  it  is  higher  at  the 
end  it  has  gained  heat.  The  amount  of  heat  thus  gained  or  lost  is 
ascertained  from  the  differences  in  temperature  and  the  hydrothermal 
equivalent  of  the  calorimeter,  which  is  known  to  be  not  far  from  GO, 
i.  e.,  60  calories  will  raise  its  temperature  1°. 

DETERMINATION  OF  THE  QUANTITY  OF  HEAT  EVOLVED. 

The  heat  removed  from  the  chamber  as  latent  heat  of  water  vapor 
in  the  air  current  is  computed  from  the  weight  of  water  absorbed 
from  the  air  and  the  factor  for  latent  heat  of  vaporization.  Accord- 
ing to  the  best  available  data,  it  requires  0.592  calorie  to  vaporize  1 
gram  of  water.    This  factor  is  used  in  these  computations. 

The  amount  of  heat  removed  from  the  chamber  l)y  the  cold  water 
passing  through  the  heat  absorbers  is  computed  from  the  amount  of 
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Avater  that  passes  through  the  pipe  and  its  rise  in  temperature  during 
its  2)assage.  Tlie  quantity  of  water  passing  through  the  absorber  is 
determined  by  Aveighing  on  a  special  device.  The  rise  in  temperature 
is  determined  by  observation  of  carefully  calibrated  mercury  ther- 
mometers whose  bulbs  are  immersed,  one  in  the  ingoing  and  the  other 
in  the  outgoing  watei'.  These  are  read  every  two  to  four  minutes, 
acording  to  the  rate  at  which  the  temperature  is  changing.  Correc- 
tions in  readings  are  made  for  the  effect  of  pressure  of  water  on  the 
bulb  of  the  thermometer.  In  calculating  the  quantity  of  heat  re- 
moved from  the  chamber  by  the  water  current,  the  specific  heat  of 
water  at  dift'erent  temperatures  is  taken  into  account.  The  specific 
heat  of  water  at  20°  C.  is  taken  as  unity,  and  the  results  are  all  ex- 
pressed as  calories  at  20°. 

The  sum  of  the  two  quantites  of  heat  determined  as  just  described 
comprises  practically  that  evolved  within  the  chamber,  though  allow- 
ance is  made  for  certain  small  quantities  involved  in  the  change  of 
temperature  of  the  calorimeter  mentioned  above,  and  in  the  pasage 
of  objects  into  or  out  of  the  chamber  through  the  food  aperture  at 
a  temjierature  ditferent  from  that  of  the  chamber. 

POSSIBILITIES  OF  ERROR  IN  THE  MEASUREMENT  OF  HEAT. 

It  seems  desirable  to  consider  the  significance  of  some  possible 
sources  of  error  in  the  heat  measurement. 

PASSAGE  OF  HEAT  THROUGH  THE  WINDOW  OR  THE  FOOD  APERTURE. 

By  controlling  the  temperature  of  the  inner  and  outer  air  spaces 
as  above  described,  the  greater  part  of  the  walls  of  the  chamber  is 
protected  against  interchange  of  heat.  Two  parts  of  the  walls,  how- 
ever, the  window  and  the  food  aperture,  are  not  thus  ^jrotected. 

The  opening  in  the  wall  that  serves  as  a  window  is  sealed  with  a 
pane  of  glass,  which  is  in  the  plane  of  the  zinc  wall.  Outside  of 
this  are  two  other  panes,  one  in  the  plane  of  the  inner  and  the  other 
in  the  plane  of  the  outer  wooden  wall.  The  three  plates  of  glass 
and  the  framework  in  which  they  are  inclosed  provide  two  dead-air 
spaces  which  serve  to  some  extent  as  heat  insulators.  However, 
with  a  constant  temperature  within  the  chamber  and  a  variable 
temperature  in  the  laboratorv  without,  there  would  be  opportunity 
for  passage  of  heat  through  the  window,  and  in  some  of  the  earlier  • 
experiments  there  was  a  serious  error  from  this  source.  The  present 
custom,  therefore,  is  to  hang  a  thermometer  immediately  outside  of 
the  outer  pane  of  glass  and  to  regulate  the  heat  of  the  laboratory  so 
as  to  keep  the  temperature  as  indicated  by  this  thermometer,  so  far 
as  possible,  the  same  as  that  of  the  chamber.  This  has  been  found  to 
ati'ord  protection  against  the  passage  of  any  appreciable  quantity  of 
heat  through  the  window. 


38 


The  food  aperture  is  closed  by  a  glass  door  on  each  end.  One  part 
of  the  aperture  tube  is  surrounded  by  the  air  of  the  inner  air  space, 
another  part  by  that  of  the  outer  air  space,  and  those  parts  of  the 
tube  are  heated  or  cooled  according  as  the  sj^aces  are  heated  or  cooled, 
which  to  a  limited  extent  may  help  control  the  temperature  of  the 
air  within  the  aperture.  Furthermore,  since  the  aperture  is  at  the 
same  level  as  the  widow,  and  the  temperature  gradient  of  the  air  of 
the  laboratory  is  from  the  floor  to  the  ceiling,  the  control  of  the  tem- 
perature of  the  air  of  the  laboratory  mentioned  above,  to  prevent  the 
passage  of  heat  through  the  window,  also  affects  passage  of  heat 
through  the  aperture. 

TEMPERATURE  OF  THE  WATER  OF  THE  HEAT  ABSORBER. 

Wlienever  the  bodily  activity  of  the  subject  changes  markedly  from 
period  to  period,  the  temperature  of  the  water  passing  through  the 
heat  absorbers  is  changed  accordingly,  colder  water  being  vised  dur- 
ing the  period  of  increased  muscular  exercise  to  increase  the  rate  of 
absorption  of  heat.  It  frequently  happens,  then,  that  there  may  be 
warm  water  in  the  absorber  at  the  beginning  of  the  period  and  cold 
water  at  the  end.  Although  the  quantity  of  water  in  the  absorber  is 
known  to  be  about  400  cubic  centimeters,  the  distribution  of  the 
temperature  of  the  water  is  not  known,  nor  is  that  of  the  large  mass 
of  metal  of  the  heat  absorbers.  There  may  therefore  be  an  appre- 
ciable error  in  the  heat  measurements  for  jDcriods  because  the  amount 
of  heat  involved  in  the  changes  in  temperature  of  the  absorber  and 
water  is  not  known.  This  error,  however,  affects  only  the  distribu- 
tion of  heat  throughout  the  short  periods  of  the  day,  since  the  aver- 
age temperature  of  the  water,  and  probably  of  the  heat  absorber,  is 
practically  the  same  each  morning  at  7  o'clock — i.  e.,  at  the  end  of  the 
experimental  day — the  measurement  of  the  total  quantity  of  heat 
for  the  twenty-four  hours  is  unaffected.  Furthermore,  the  greatest 
variations  in  the  temperature  of  water  in  the  heat  absorber  occur  in 
work  experiments — when  the  heat  produced  is  large — consequently 
the  error  due  to  a  neglect  of  variations  is  relatively  much  less  than 
would  be  the  case  in  rest  experiments.  If,  however,  the  work  period 
is  followed  immediately  by  one  of  unusual  muscular  inactivity — such 
as,  for  example,  when  the  subject  goes  to  bed — then  the  heat  measure- 
ment for  the  period  of  sleep  would  be  less  than  that  actuall}^  pro- 
duced, since  a  considerable  portion  of  it  would  be  required  to  warm 
the  absorbing  system  to  the  temperature  which  it  would  have  at  the 
end  of  a  rest  period.  Thus  far  experimental  evidence  has  not  accu- 
mulated sufficiently  to  justify  making  any  definite  correction  for 
these  possible  sources  of  error  in  the  measurement  of  heat  by  short 
periods. 
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THE  PRACTICABILITY  OF  THE  RESPIRATION  CALORIMETER. 

The  true  tests  of  the  practi('al)ility  of  an  apparatus  such  as  that 
used  in  these  investigations  are  first,  that  a  man  can  live  in  it  in  com- 
parative comfort  for  several  days,  and  nnder  the  conditions  of  the 
experiment  maintain  his  normal  bodily  functions  unimpaired;  and 
second,  that  when  known  quantities  of  carbon  dioxid,  w^ater  vapor, 
oxygen,  and  heat  are  introduced,  they  can  be  accurately  measured  by 
the  apparatus. 

APPOINTMENTS  OF  THE  RESPIRATION  CHAMBER. 

The  respiration  chamber  is  7  feet  G  inches  long,  4  feet  wide,  and  (>  ^ 
feet  G  inches  high,  the  dimensions  being  such  as  to  allow  a  man  to 
stand  or  lie  down  at  full  length,  or  even  to  move  about  to  a  limited 
extent.  In  one  end  is  an  opening  through  which  the  subject  enters 
or  leaves  the  chamber  at  the  beginning  or  end  of  an  experiment. 
During  the  exi^eriment  this  is  closed  by  glass,  tightly  sealed  in  place, 
and  serves  as  a  window,  admitting  ample  light  for  reading  and  writ- 
ing. In  the  opposite  end  of  the  chamber  is  a  smaller  opening,  known 
as  the  food  aperture,  through  which  receptacles  for  food,  drink, 
excreta,  and  other  articles  may  be  passed  in  the  course  of  an  experi- 
ment. "Within  the  chamber  are  a  chair,  a  table,  and  a  bed.  all  of 
which  may  be  folded  and  put  aside  when  not  in  use.  For  experiments 
in  which  muscular  work  is  performed,  a  device  by  means  of  which 
the  amount  of  work  done  may  be  measured  is  provided.  There  is  a 
telephone  for  communication  with  persons  on  the  outside.  The  ar- 
rangement of  the  furniture,  bed,  shelving,  etc.,  in  the  .space  available, 
so  as  to  make  the  subject  comfortable  during  an  experiment  which 
may  continue  for  two  weeks,  has  been  adopted  as  a  result  of  a  number 
of  years'  experience.  The  arrangement  of  different  articles  in  the 
apparatus  is  shown  in  Plate  I,  figures  1  and  2. 

Plate  I;  figure  1,  is  a  view  from  the  window  looking  toward  the 
rear  of  the  chamber.  In  the  center  of  the  rear  wall  is  the  food  aper- 
ture, with  the  inner  door  open.  Above  the  food  aperture  are  shelves 
on  which  may  be  seen  a  book,  a  urine  jar,  and  a  feces  can.  Between 
these  two  shelves  is  one  of  the  electric  resistance  thermometers  used 
for  measuring  the  temperature  of  the  air;  another  thermometer  of 
the  same  series  is  seen  on  the  wall  at  the  left,  back  of  the  chair. 
Directly  above  this  coil  is  a  small  box  attached  to  the  wall,  which 
contains  a  resistance  coil  of  the  series  used  for  measuring  the  tem- 
perature of  the  wall;  a  second  box,  with  another  coil  of  this  latter 
series,  is  shown  farther  up  on  the  wall,  near  the  edge  of  the  picture. 
The  wires  from  these  coils  lead  to  the  plug  switch  seen  above  the 
center  of  the  wall  at  the  left  in  this  view.    Connections  from  this 
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switch  are  also  made  with  the  telephone  seen  hanging  from  a  shelf 
near  the  edge  of  the  picture,  and  with  the  rectal  thermometer,  lying 
on  the  chair,  that  is  used  for  electric  measurements  of  body  tem- 
perature. 

The  bed,  without  mattress  or  covering,  is  seen  folded  against  the 
wall  at  the  right,  and  just  above  it  is  the  pipe  by  Avhich  air  leaves 
the  respiration  chamber.  Near  the  ceiling  are  the  heat  absorbers, 
showing  the  double  line  of  pipe  with  disks  to  increase  the  area  and 
the  metal  shields  that  may  be  raised  or  lowered  to  regulate  the  rate 
of  absorption.  Above  the  keat  absorber  is  one  of  the  equal  beams 
formerly  used  for  weighing  the  absorbing  system.  Suspended  from 
the  ends  of  the  shields  are  two  metal  boxes  which  catch  the  Avater 
that  condenses  on  the  heat  absorbers.  The  irregular  light  spots 
seen  on  the  floor  and  less  distinctly  on  the  walls  and  ceiling  show 
where  the  thermal  jimctions  are  soldered  to  the  cojDj^er. 

Plate  I,  figure  2,  is  a  view  from  the  rear  of  the  chamber  toward  the 
front.  The  large  opening  in  the  front  wall  is  the  Avindow  with  a 
dark  curtain  hanging  in  it.  Just  in  front  of  this  is  a  broad,  remov- 
able shelf,  Avhich  serves  as  a  table,  on  which  stand  some  dishes  and  a 
bottle  of  drinking  Avater.  Another  shelf  is  seen  at  the  right,  above 
the  chair.  At  the  left  of  the  AvindoAV  are  tAvo  small  pipes,  one  for  the 
incoming  and  the  other  for  the  outgoing  Avater  of  the  heat  absoi'ber. 
The  larger  pipe  to  the  left  of  this  is  the  air  pipe,  the  end  extending 
doAVUAvard  carrying  air  into  the  chamber. 

Every  effort  is  made  to  keep  the  subject  comfortable  and  to  have 
the  conditions  under  Avhich  the  A'ai'ious  factors  of  income  and  outgo 
are  determined  as  nearlj^  normal  as  possible.  Up  to  the  time  of  the 
last  experiment  reported  in  this  bulletin,  namel}^,  April  6,  lOOi,  17 
men  had  lived  in  the  chamber  for  periods  varying  from  three  hours 
to  thirteen  days,  and  in  no  case  Avas  there  complaint  of  discomfort. 

TESTS  OF  ACCURACY. 

Two  methods  of  testing  the  accuracy  of  the  apparatus  have  been 
employed,  one  iDroducing  heat  electrical)}'  and  the  other  by  bui-ning 
alcohol  in  the  apj)aratus.  The  principles  of  these  tests  are  here  ex- 
plained, and  the  results  obtained  by  each  method  are  given. 

CHECK  TESTS  WITH  ELECTRICITY. 

By  this  method  the  accuracy  of  only  the  heat  measurements  is 
tested.  Heat  is  generated  by  passing  a  cun^ent  of  electricity  through 
a  resistance  coil  Avithin  the  chamber.  From  the  records  of  the 
strength  of  the  current,  the  fall  of  potential,  and  the  time,  the  quan- 
tity of  heat  generated  is  accurately  calculated.  The  temperature  of 
the  chamber  is  kept  constant,  and  the  heat  evolved  is  removed  from 
the  chamber  by  the  AA'ater  passing  through  the  heat  absorbers,  and 
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measured.  A  comparison  of  the  quantity  of  heat  measured  and  that 
generated  in  two  such  tests  is  shoAvn  in  Table  1. 


Table  1. — Results  of  electrical  check  expefiments  tcitti  the  yespiiation  calo- 
rimeter. 


Date. 

Duration. 

(a) 
Heat  gen- 
erated. 

(b) 

Heat  meas- 
ured. 

Proportion 
of  heat 

measured 
to  heat 

generateii, 
b~a. 

1904. 

//)■.«.  Mill. 
fi  31 
»  .58 

CaXones. 
469.5 
723.7 

Calories. 
468.1 
721.7 

Per  rent. 
99. 70 
99.  72 

14  29 

1,193.2 

1, 189. 8 

99.72 

The  resuhs  show  very  close  agreement  between  the  quantity  of  heat 
generated  and  that  measured  by  the  calorimeter. 


CHECK  TESIS  WITH  ALCOHOL. 

A  much  more  satisfactory  test  of  the  apparatus  is  made  by  burning 
ethyl  alcohol  within  the  chamber.  In  the  combustion  of  the  alcohol 
oxygen  is  consumed,  and  carbon  dioxid,  water,  and  heat  are  produced, 
and  the  quantities  of  each  involved  in  the  combustion  of  a  known 
quantity  of  alcohol  may  be  very  accurately  computed.  The  products 
of  the  combustion  are  removed  from  the  chamber  and  measured,  as  is 
also  the  quantity  of  oxygen  consumed,  exactly  as  in  experiments  with 
men,  and  these  are  compared  with  the  computed  theoretical  quantities. 
By  this  method,  therefore,  both  the  respiration  apparatus  and  the 
calorimeter  are  tested. 

The  complete  oxidation  of  ethyl  hydroxid  is  represented  by  the 
equation  C2HbO+30o=2C02+3H,0."  The  molecular  weight"  of 
ethyl  hydroxid  is  46.048,  that  of  carbon  dioxid  is  44.001,  and  that 
of  water  is  18.015.  Since  the  ratio  of  ethyl  hydroxid  consumed  to 
carbon  dioxid  produced  in  the  equation  is  CoHgOiSCOa-  or 
46.048  :  88.002,  1  gram  of  ethyl  hydroxid  when  completely  oxidized 
yields  1.9111  grams  of  carbon  dioxid<  In  thie  case  of  water  the  ratio 
is  C.H^OrSH.O,  or  46.048:54.045,  showing  that  1.1T37  grains  of 
water  is  produced.  Computed  in  the  same  Avay,  2.0848  grams  of 
oxygen  is  consumed ;  but  the  same  figure  is  obtained  by  subtracting  1 
gram,  the  weight  of  ethyl  hydroxid  burned,  from  3.0848  grams,  the 
sum  of  the  weights  of  water  and  carbon  dioxid  produced. 

As  a  result  of  a  considerable  number  of  determinations  by  use  of 
the  bomb  calorimeter  ^  the  heat  of  combustion  of  ethyl  hydroxid  has 
been  found  to  be,  at  constant  pressure,  7.095  calories  per  gram. 

1  The  atoiTiic  weights  used  iu  the  eonipiitations  are  II  =  1.0G7G;  C=12.001; 

o=i<;. 

6  Jour.  Amer.  Chem.  See,  2.5  (190.3),  p.  698. 
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In  practice  it  has  been  found  unnecessary  to  use  absolute  alcohol  for 
the  check  tests;  indeed  it  is  difficult  to  use  it,  although,  according  to 
the  recent  researches  of  Winkler,"  the  hygroscopic  nature  of  alcohol 
has  apparentljf  been  overestimated.  A  number  of  experiments  were 
made  at  first  with  purest  absolute  alcohol,  obtained  through  the  kind- 
ness of  Dr.  E.  R.  Squibb,  of  Brooklyn.  Some  other  experiments 
were  made  with  this  absolute  alcohol  diluted  Avith  water.  It  was 
found,  however,  that  the  better  grades  of  commercial  alcohol  could  be 
used  just  as  satisfactorily,  since  the  impurities  present  in  them' are  so 
small  in  amount  as  to  have  no  appreciable  influence  upon  the  results. 
Accordingly  high-grade  commercial  alcohol  containing  not  far  from 
90  per  cent  of  ethyl  hj^droxicl  has  been  used  for  a  number  of  years. 

To  compute  the  theoretical  quantities  of  carbon  dioxid,  water, 
oxygen,  and  heat  involved  in  the  combustion  of  the  commercial  alco- 
hol, the  percentage  of  pure  ethyl  hydroxid  present  must  first  be  ascer- 
tained. For  this  purpose  the  specific  gravity  of  the  alcohol  is  deter- 
mined by  use  of  a  form  of  pyknometer  described  by  Squibb,*  by 
means  of  which  results  to  the  fifth  or  sixth  decimal  place  may  be 
obtained.  AVhen  the  specific  gravity  is  known,  the  percentage  of 
eth3d  hydroxid  present  in  the  commercial  alcohol  may  be  ascertained 
from  any  one  of  a  number  of  excellent  alcoholometric  tables.  The 
factors  given  above  for  pure  ethyl  hydroxid,  multiplied  by  the  per- 
centage thus  obtained,  give  the  corresponding  factors  for  the  commer- 
cial alcohol. 

For  example,  the  commercial  alcohol  wsed  in  one  series  of  experi 
ments  contained  91.17  per  cent  ethyl  hydroxid.  The  oxidation  of 
1  gram  of  this  alcohol  would  give  (0.9117x1.9111  =  )  1.7423  grams 
of  carbon  dioxid.  Since  each  gram  of  the  commercial  alcohol  con- 
tains (1.0000  —  0.9117  =  )  0.0883  gram  of  water,  present  as  such,  this 
much  would  be  produced  by  evaporation.  The  quantity  of  w^ater 
formed  by  the  combustion  of  the  ethyl  hydroxid  present  would  be 
(0.9117X1.1737  =  )  1.0701  grams  and  the  sum  of  these  two  quanti- 
ties, 1.1584  grams,  would  be  the  total  water  produced  b}^  combustion 
and  evaporation  of  1  gram  of  the  commercial  alcohol.  The  sum 
of  the  quantities  of  water  and  carbon  dioxid  thus  produced,  2.9007 
grams,  minus  the  1  gram  of  alcohol  used,  gives  1.9007  grams  as 
the  quantity  of  oxygen  required  for  the  combustion. 

Since  the  heat  of  combustion  of  ethyl  hydroxid  is  7.095  calories 
per  gram,  that  of  the  commercial  alcohol  containing  91.17  per  cent 
ethyl  hydroxid  would  be  (0.9117  X  7.095  =  )  6.469  calories  per  gram. 
This  amount,  however,  is  somewhat  larger  than  that  which  would  be 

«Ber.  Dent.  Cbem.  Gesell.,  .38  (190.5).  p.  .3fil2. 
J>Jom:  Amer.  Chem.  Soc,  19  (1897),  p.  111. 
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actually  measured  as  sensible  heat  by  the  calorimeter,  because  a  por- 
tion of  the  heat  from  the  burning  of  the  alcohol  would  be  latent  in  the 
water  vapor  produced  and  would  leave  the  chamber  in  the  water  of  the 
air  current.  The  purpose  of  the  test  is  to  determine  the  accuracy  of 
the  actual  measurement  of  sensible  heat  removed  by  the  water  cur- 
rent in  the  heat  absorbers;  consequently  the  amount  of  latent  heat 
of  water  vapor  from  1  gram  of  the  alcohol  is  deducted  from  the  total 
heat  of  combustion  of  1  gram.  It  has  been  shown  above  that  there 
would  be  1.1584  grams  of  water  produced,  and  since  it  requires  0.592 
calorie  to  evaporate  1  gram  of  water,  there  would  be  (1.1584  X  0.952  = ) 
0.686  calorie  of  heat  latent  in  the  water  vapor  from  the  combustion  of 
1  gram  of  the  commercial  alcohol.  Each  gram  of  the  alcohol  con- 
taining 91.17  per  cent  ethyl  hydroxid  would  therefore  produce  on 
combustion  (6.469—0.686  =  )  5.783  calories  that  should  be  measured 
as  sensible  heat  by  the  calorimeter. 

The  form  of  lamp  used  for  combustion  has  been  described  else- 
where." Careful  tests  have  shown  that  the  oxidation  of  the  alcohol 
is  complete.  The  alcohol  is  supplied  to  the  lamp  from  a  reservoir 
outside  the  chamber,  and  the  quantity  burned  is  determined  by 
weighing  to  within  0.1  gram.  From  this  quantitj^,  and  the  factors 
obtained  as  described  above,  the  theoretical  quantities  of  oxygen 
consumed  and  of  carbon  dioxid,  water,  and  heat  produced  are  com- 
puted. 

This  method  of  checking  the  accuracy  of  the  respiration  calo- 
rimeter may  be  likened  to  that  followed  by  the  organic  chemist  in 
verifying  the  method  of  elementary  organic  analj^sis  by  combustion 
of  pure  cane  sugar.  In  the  latter  case,  however,  only  two  factors 
(carlion  and  hydrogen)  must  agree  with  the  theoretical,  whereas,  with 
the  respiration  calorimeter,  there  are  four  factors  to  be  verified. 
Frequently  one  or  two  of  these  four  factors  may  show  considerable 
discrepancy,  while  the  others  are  perfectly  satisfactory.  In  general 
the  determinations  of  carbon  dioxid  are  extremely  satisfactory^,  since 
there  is  no  opportunity  for  gain  or  loss  of  it,  any  inaccuracies  being 
usually  traceable  to  errors  in  residual  analysis.  In  the  determination 
of  water,  on  the  other  hand,  the  same  difficulties  as  are  experienced 
by  the  organic  chemist  are  met  with  here,  the  results  being  frequently 
somewhat  too  high,  as  previously  explained  (see  p.  28).  The  total 
amount  of  water  evolved  by  the  combustion  of  ethyl  alcohol,  though 
sufficient  to  be  accurately  weighed  and  to  form  when  properly  deter- 
mined a  true  test  of  the  apparatus,  is  relatively  small,  and  the  rate 
of  evolution  is  somewhat  slow,  so  that  with  the  regular  rate  of  ven- 
tilation, the  quantity  of  water  vapor  in  the  air  of  the  chamber  is  much 


a  Carnegie  Inst.  Washington  Pub.  42,  p.  99. 
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below  that  in  ordinary  air.  With  such  exceeding  dryness,  there  is 
evaporation  of  water  from  any  object  in  the  chamber  upon  which  water 
has  previously  been  condensed  in  either  visible  or  invisible  quantity, 
and  this  water  is  of  course  determined'  along  with  that  actually  result- 
ing from  the  combustion  of  the  alcohol.  Since  some  of  the  heat  that 
would  be  otherwise  measured  as  sensible  heat  is  rendered  latent  in 
the  vaporization  of  this  excessive  moisture,  it  frequently  happens 
that  when  the  percentage  of  water  is  abnormal  the  heat  measurement 
does  not  accord  with  the  theoretical. 

In  order  to  show  the  accuracy  of  the  apparatus  in  the  measurement 
of  the  different  factors  mentioned  above.  Table  2  gives  the  results 
of  a  typical  experiment,  which  was.  made  December  16-17,  1903, 
and  the  summary  of  the  results  of  all  the  experiments  made  between 
October  20,  1903,  and  April  29,  1904. 


Table  2. — Results  of  a  typical  alcohol  checlc  experiment,  and  summary  of  all  alcoJwl 
check  tests  f  rom  October  20,  1903,  to  April  29,  1904. 


Date. 

Dura- 
tion. 

Alcohol 
burned. 

Carbon  dioxid. 

Water. 

Found. 

Re- 
quired. 

Per 
cent 
theory. 

Found. 

Required. 

Per 
cent 
theor)'. 

Total  

Total,  all  experi- 
ments   

Hrs.  min. 
2  30 
5  15 
11  25 
2  05 

Grams. 

50.  22 
101. 76 
212. 59 

40.14 

Grams. 
86.02 
174. 27 
369.  63 
70. 96 

Grams. 

87.30 
175. 84 
369. 53 

69.  77 

98. 54 
99.11 
100. 03 
101. 70 

Grams. 

58.47 
115. 73 
248. 24 

46  52 

Grams. 
58. 16 
117. 15 
246. 20 
46.49 

100. 53 
98.79 
100. 83 
100. 07 

21  15 

404.  71 

700.88 

702. 44 

99.  78 

468. 96 

468. 00 

100. 21 

188  13 

4,072.12 

7,046.  45 

7,065.62 

99.  73 

4,783.76 

4,713.71 

101.  49 

Date. 

Dura- 
tion. 

Alcohol 
burned-. 

Oxygen. 

Heat. 

Found. 

Re- 
quired. 

Per 
cent 
theory. 

Found. 

Required. 

Per 
cent 
theory. 

Total  

Total,  all  experi- 
ments  

Hrs.  min. 
2  30 
5  15 
11  25 
2  05 

Grams. 

50. 22 
101.  76 
212.  59 

40.14 

Grams. 

96.  48 
183.  02 
405.  37 

78.27 

Grams. 

95.  23 
191.83 
403. 14 

76. 12 

101. 31 
95.  41 
100. 55 
102. 83 

Calories. 
295.10 
582. 18 

1, 223.  20 
233. 13 

Calories. 
288.98 
582. 10 
1, 223. 29 
230. 98 

102.  U 
100. 00 
100. 00 
100. 92 

21  15 

404.  71 

763. 14 

766. 32 

99.59 

2,333.61 

2, 325. 35 

100.36 

188  13 

4, 072. 12 

7,581.87 

7,709. 12 

98.35 

'122,374.95 

a  22, 582.50 

199.08 

o  Excluding  one  period  of  6  hours  and  35  minutes. 


In  all  the  experiments  here  summarized  over  4  kilograms  of  alco- 
hol were  burned  during  a  total  of  188  hours  and  13  minutes.  In 
these  experiments  the  percentage  of  carbon  dioxid  measured  agreed 
practically  with  the  theoretical  quantity,  whereas  the  percentage 
of  water  was  slightly  too  high  and  those  of  oxygen  and  heat  slightly 
too  low.  These  figures  conform  to  the  statements  made  above, 
that  in  general  the  error  in  the  carbon  dioxid  determination  is  least, 
and  the  water  is  frequently  too  high,  and  since  the  vaporization  of 
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an  excess  of  water  results  in  a  diminished  quantity  of  sensible  heat, 
the  heat  measurement  may  be  affected  whenever  the  water  determi- 
nation is  inaccurate. 

From  the  results  of  the  experiment  of  December  16-17,  1903, 
shown  in  detail,  it  will  be  seen  that  the  determinations  b}^  the  respi- 
ration calorimeter  are  on  the  whole  in  satisfactory  agreement  with 
the  theoretical  quantities.  This  is  especially  the  case  in  the  longest 
of  the  four  periods  of  this  experiment.  Subsequent  developments 
in  the  method  of  conducting  these  experiments  have  given  results 
even  more  satisfactory  than  the  average  for  all  four  periods  of  this 
experiment.  When  it  is  considered  that  such  results  represent  an 
accuracy  fully  as  great  as  that  ordinarily  obtained  by  the  organic 
chemist,  if  not  greater,  they  afford  very  satisfactory  proof  of  the 
precision  of  the  apparatus  in  the  determinations  made  with  it. 

ACCESSORY  DETERMINATIONS. 

In  addition  to  the  accurate  measure  of  the  heat  elimination,  the 
carbon  dioxid  and  water  output  and  oxygen  consumption,  afforded 
by  the  respiration  calorimeter,  for  the  proper  interpretation  of  the 
metabolic  transformations  in  the  body,  data  regarding  the  chemical 
composition  and  potential  energy  or  heat  of  combustion  of  the  food, 
drink,  feces,  and  urine  are  necessary.  Tliis  knowledge  is  obtained 
by  means  of  apparatus  and  methods  common  to  investigations  in 
physiological  chemistry,  though  considerable  attention  has  been 
given  in  this  laboratory  to  the  development  of  methods  especially 
fitted  for  the  particular  kinds  of  foods  used  in  these  experiments, 
and  for  feces  and  urine. 

METHODS  OF  SAMPLING. 

With  highly  purified  and  crystallized  organic  preparations,  an 
accurate  sample  can  be  easily  obtained.  In  physiological  experi- 
menting involving  large  ({uantities  of  bulky  materials  of  complex 
physical  and  chemical  nature  and  containing  a  large  percentage  of 
water,  it  is  extremely  difficult  to  obtain  a  sample  of  the  given  material 
which,  when  prepared  for  analysis,  will  be  so  representative  of  the 
whole  that  the  small  ([uantity  (0.2  or  0.3  gram)  used  for  each  deter- 
mination will  give  with  sufficient  accuracy  the  proportions  of  the 
different  elements  in  the  total  bulk.  Futhermore,  because  of  the  pos- 
sibility of  variations  in  moisture  content,  it  is  necessary  to  use  every 
precaution  to  insure  constant  hygroscopic  conditions  of  the  different 
samples. 

In  selecting  the  food  materials  for  an  experiment,  preference  is 
given  so  far  as  possible  to  those  which  can  be  prepared  in  bulk  pre- 
liminary to  sampling.  A  considerable  fjuantity  of  each  is  thor- 
oughly mixed  so  as  to  have  a  uniform  or  homogeneous  character, 
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and  it  is  then  subdivided  and  the  different  portions  are  carefnllj^ 
preserved  so  as  to  retain  their  condition  at  the  time  of  mixing. 
The  sample  is  taken  from  the  thoroughly  mixed  material. 

DRYING  THE  SAMPLE. 

Wherever  possible,  the  fresh  material — i.  e.,.  without  drying,  is  used 
for  analysis.  Such  materials  as  prepared  cereals,  crackers,  sugar, 
etc.,  can  be  ground  for  analysis  in  this  condition.  With  other  mate- 
rials, for  example  bread,  the  samples  must  be  dried  before  they  can 
be  ground.  Samples  of  liquids,  as  milk,  cream,  and  urine,  must  be 
dried  for  some  determinations.  The  total  quantity  of  feces  for  an 
experiment  is  dried  and  ground  and  thoroughly  mixed.  The  drying 
of  all  these  materials  is  done  so  far  as  possible  under  conditions  that 
will  preclude  disintegration  due  to  heat,  or  oxidation,  or  bacterial 
action,  usually  in  a  large  vacuum  desiccator  at  room  temperature. 
The  proneness  of  feces  to  bacterial  decomposition  and  loss  by  vola- 
tilization makes  it  especially  difficult  to  prepare  them  for  analysis. 
In  former  years,  it  was  the  custom  to  dry  them  in  a  water  oven,  and 
in  some  of  the  experiments  here  reported  this  method  was  followed. 
More  recently,  the  method  mentioned  above  was  adopted.  Even 
under  these  conditions,  there  is  possibly  a  slight  loss  of  nitrogen  in 
drying,  which  should  of  course  be  taken  into  consideration  in  experi- 
ments in  which  the  intake  and  output  of  nitrogen  is  unusually  small. 

METHODS  OF  ANALYSIS. 

WATER. 

Formerly  water  determinations  were  made  in  the  usual  manner — 
by  heating  a  known  weight  of  substances  at  the  temperature  of  boil- 
ing water  for  five  hours.  In  recent  years  the  method  described  else- 
where by  Benedict  and  Manning,"  of  drying  the  material  in  a  high 
vacuum  over  sulphuric  acid  has  been  followed. 

NITROGEN. 

All  determinations  of  nitrogen  are  made  by  the  Kjeldahl  process, 
with  the  use  of  mercury  to  favor  oxidation.  The  distillation  is  car- 
ried out  in  a  special  form  of  still  described  elsewhere. 

CARBON  AND  HYDROGEN. 

The  determinations  of  these  elements  are  made  by  the  Liebig  proc- 
ess, with  such  modifications  as  regards  absorbing  agents  and  methods 


a  Amer.  Jour.  Physiol.,  13  (1905),  p.  309. 
6  Jour.  Amer.  Cliem.  Soc,  22  (1900),'  p.  259. 
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of  manipulation  as  have  been  suggested  by  extensive  experience  in 
this  laboratory." 

FAT  AND  ASH. 

Fat  is  determined  by  the  usual  process  of  extracting  the  previously 
dried  material  with  anhydrous  ether.  The  mineral  matter  or  ash  is 
obtained  by  incinerating  the  given  quantity  of  the  material,  leach- 
ing out  the  salts,  and  after  ignition  of  the  residue  adding  the  extracted 
liquors,  which  are  then  evaporated  at  moderately  low  temperatures. 

MISCELLANEOUS  DETERMINATIONS. 

In  certain  experiments  other  data  which  throw  light  on  the  general 
process  of  metabolism  are  obtained.  These  have  to  do  in  large  meas- 
ure with  materials  in  the  urine,  and  involve  determinations  of  crea- 
tinin,  phosphorus,  sulphur,  chlorin,  etc.,  all  of  which  are  carried  out 
according  to  the  commonly  accepted  methods.  Determinations  of 
sulphur,  phosphorus,  and  chlorin  in  the  food  ingested  may  likewise  be 
made,  but  the  pressure  of  experimental  work  thus  far  has  prevented 
takiny;  account  of  all  these  factors. 

HEAT  OF  COMBUSTION. 

Data  regarding  the  potential  energy  of  the  food  and  of  the  unoxi- 
dized  material  in  feces  and  urine  are  necessary  for  a  comparison  of 
the  energy  of  income  with  that  of  outgo.  The  potential  energy  of 
these  materials  is  determined  by  burning  samples  in  the  bomb  calo- 
rimeter described  elsewhere  by  Atwater  and  Snell. 

In  brief,  this  apparatus  consists  of  a  platinum-lined  steel  shell  and 
cover,  the  volume  capacity  of  the  shell  being  about  1  pint.  The  sub- 
stance to  be  burned  is  placed  in  a  metal  capsule  suspended  from  the 
cover.  When  the  cover  is  securely  fastened  in  place,  the  shell  is  filled 
with  oxygen  at  a  pressure  of  300  pounds.  The  bomb  is  then  immersed 
in  water,  and  the  substance  ignited  electrically.  With  the  excess 
of  oxygen  present  the  combustion  is  rapid  and  complete.  The  heat 
generated  is  imparted  by  the  metal  of  the  bomb  to  the  water  in 
which  it  is  immersed.  From  the  weight  of  the  water  and  its  rise  in 
temperature  due  to  the  combustion  the  heat  generated  is  determined. 

Two  checks  on  the  accuracy  of  the  results  obtained  by  the  use  of 
the  bomb  calorimeter  are  possible.  In  the  first  place,  there  are  sev- 
eral substances,  such  as  cane  sugar,  benzoic  acid,  naphthalene,  etc., 
w^hose  specific  heat  of  combustion  per  gram  has  been  determined  in 
a  number  of  ways,  and  by  a  number  of  investigators  with  different 
forms  of  calorimeter,  and  may  therefore  be  assumed  to  be  known 

n  Benedict,  Elementary  Organic  Analysis.    Easton,  Pa. ,  (1900). 
6  Jour.  Amer.  Chem.  Soc.  25  (190.S).  p.  659. 
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absolutely.  Such  substances  are  burned  in  the  bomb  calorimeter, 
and  the  results  obtained  are  compared  with  their  true  heat  of  combus- 
tion per  gram.  Another  check  on  the  apparatus  was  pointed  out  by 
Atwater  and  Snell,"  who  showed  that  when  alcohol  was  burned  in  the 
respiration  calorimeter  in  the  manner  described  on  preceding  pages 
the  heat  of  combustion  thus  measured  agreed  exactly  with  that  as 
determined  by  the  bomb  calorimeter. 

PREPARATION  OF  THE  SAMPLE. 

The  material  to  be  burned  in  the  bomb  calorimeter  must  be  freed 
from  excessive  moisture,  though  it  need  not  be  absolutely  water  free. 
The  same  precautions  against  incipient  decomposition  by  heat,  men- 
tioned on  page  46,  must  here  also  be  observed.  Frequently  special 
methods  of  preparation  are  employed,  which  are  so  devised  that  the 
materials  can  be  weighed  in  the  fresh  state  whenever  possible,  thus 
eliminating  error  due  to  partial  drying  and  the  consequent  sampling. 
Thus  fresh  milk  and  cream  are  weighed  in  the  capsules  in  which  they 
are  to  be  burned,  and  are  evaporated  therein  until  drj  enough  for 
the  combustion.  The  evaporation  may  take  place  in  the  water  oven, 
but  it  is  more  satisfactorily  "accomplished  in  the  vacuum  desiccator. 

It  has  been  found  especially  difficult  to  obtain  accurate  results 
regarding  the  heat  of  combustion  of  urine,  because  it  is  very  prone  to 
decomposition.  After  much  experimenting,  the  details  of  which  are 
not  ready  for  publication,  we  have  adopted  the  method  of  drying  15 
cubic  centimeters  of  urine  with  50  milligrams  of  pure  salicylic  acid  in 
a  vacuum.  The  known  heat  of  combustion  of  the  salicylic  acid  is 
deducted  'from  the  total  heat  of  combustion.  This  method  is  by  no 
means  perfect,  but  it  has  given  the  most  satisfactory  results  thus  far 
obtained.  Recently  Farkas  and  Korbuly^  have  made  a  valuable 
contribution  to  the  investigation  of  this  difficult  problem. 

APPARATUS  FOR  MEASURING  MUSCULAR  WORK. 

For  investigation  of  the  metabolism  of  matter  and  energy  by  the 
body  in  the  performance  of  muscular  work,  a  measure  of  the  amount 
of  work  done  is  essential.  A  special  apparatus  on  which  the  work  of 
the  powerful  leg  muscles  can  be  utilized  has  been  devised  and  suc- 
cessfully used  for  several  years.  A  detailed  discussion  of  this  appa- 
ratus will  be  given  in  a  later  publication  reporting  results  of  several 
investigations  on  muscular  work.  It  may  be  explained,  in  brief  as  a 
sort  of  stationary  bicycle,  the  rear  wheel  of  which  is  a  disk  of  copper 
rotating  in  the  field  of  an  electro-magnet  which  serves  as  a  brake  and 
thus  furnishes  resistance.  The  work  done  in  overcoming  the  resist- 
ance appears  as  heat,  and  the  amount  may  be  very  accurately 
determined. 

"L()c.<?it.,p.698. 

6Aich  Physiol.  [Pfltiger].  104  (1904j,  p.  564. 
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SUMMARY  OF  FACTORS  DETERMINED  IN  EXPERIMENTS  WITH 
THE  RESPIRATION  CALORIMETER. 

In  summary  of  tha  discussion  in  the  preceding  pages,  it  may  be 
said  that  as  a  result  of  the  developments  and  improvements  of  the 
apparatus  and  methods,  it  is  now  possible  to  obtain  more  complete 
and  more  accurate  data  regarding  the  metabolism  of  matter  and 
energy  in  the  body  than  ever  before. 

By  means  of  the  respiration  apparatus,  the  intake  of  oxygen  from 
inspired  air  and  the  output  of  carbon  and  hydrogen  in  the  respiratory 
products  are  ascertained.  By  chemical  analysis  the  intake  of  nitrc)- 
gen,  carbon,  and  hydrogen  (organic)  in  the  food,  and  the  output  of 
the  same  elements  in  the  feces  and  urine,  are  regularly  determined; 
and,  so  far  as  opportunity  permits,  sulphur,  phosphorus,  chlorin,  and 
other  elements  also.  Of  proximate  principles  the  water,  fat,  and  ash 
of  food  and  feces,  and  water  and  ash  of  urine  may  be  determined. 
From  the  balance  of  income  and  outgo  of  nitrogen,  carbon,  hydrogen, 
and  oxygen  the  gains  and  losses  of  protein,  fat,  and  carbohydrates 
by  the  body  are  computed  in  the  manner  explained  "in  detail  on 
page  71. 

The  actual  output  of  heat  by  the  body  is  measured  by  the  respira- 
tion calorimeter.  The  potential  energy  of  intake  in  food  and  drink, 
and  that  of  output  in  unoxidized  materials  of  feces  and  iirine,  are 
determined  as  heat  of  combustion  by  the  bomb  calorimeter.  From 
these  data  the  gains  or  losses  of  energy  by  the  body  are  ascertained. 

In  addition  to  the  above  factors,  alterations  in  body  weight  and 
body  temperature,  and  the  heat  equivalent  of  external  muscular 
work  performed,  are  also  measured. 

The  technique  for  the  determination  of  all  these  factors  has  been 
gradually  improved,  and  some  important  data  have  been  obtained 
in  later  experiments  that  have  not  been  previously  determined. 
Since  the  completion  of  the  experiments  reported  here  the  technique 
has  been  even  more  perfected,  and  not  only  are  the  factors  mentioned 
above  obtained  with  more  accuracy  but  the  number  of  factors  deter- 
mined is  being  continually  increased. 

DETAILS  OF  METABOLISM  EXPERIMENTS  NOS.  56-58,  AND  60-67. 

The  electric  and  alcohol  check  tests  described  on  preceding  pages 
proved  the  accuracy  of  the  determinations  of  oxygen,  carbon  dioxid, 
water  vapor,  and  heat  by  the  modified  resi)iration  calorimeter,  and 
two  short  experiments  with  men  indicated  that  it  was  perfectly 
adapted  to  experiments  of  this  nature.  Accordingly,  in  the  spring 
of  1!)0;^,  investigations  on  the  metabolism  of  matter  and  energy  in  the 
body  under  ditTerent  conditions  were  resumed  in  continuation  of  those 
21482— No.  17.1—07  4 
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reported  in  previous  bulletins  of  this  Office, °  but,  as  already  suggested, 
with  the  hope  of  obtaining  more  complete  and  more  accurate  data 
than  had  been  possible  in  the  earlier  experiments.  The  following 
pages  contain  a  detailed  account  of  11  experiments,  Nos.  56-58  and 
60-67,  numbered  consecutively  with  those  previously  reported. 

OBJECTS  OF  THE  EXPERIMENTS. 

It  seemed  especially  fitting  that  the  first  of  these  experiments  should 
be  made  with  J.  C.  W.,  the  subject  of  the  last  series  of  experiments 
with  the  apparatus  in  its  old  form,  inasmuch  as  he  was  available  at 
the  time  the  modified  apparatus  was  in  satisfactory  condition  for  the 
investigation.  Furthermore,  it  seemed  desirable  to  repeat  two  of  the 
experiments  of  that  series  (Nos.  53  and  54^*),  which  had  special  refer- 
ence to  the  relative  efficiency  of  fats  and  carbohydrates  as  sources  of 
energy  in  the  diet  during  periods  in  which  the  subject  was  engaged  in 
severe  muscular  work.  These  would  not  only 'afford  comparison  of 
such  data  as  were  common  to  experiments  with  both  forms  of  appa- 
ratus, but  also,  it  was  believed,  furnish  additional  data  for  a  clearer 
interpretatii)n  regarding  the  metabolism  of  the  fats  and  carbohy- 
drates under  the  experimental  conditions. 

In  experiment  No.  56,  which  continued  three  days  m  April,  1903, 
the  diet  was  of  such  nature  that  a  large  proportion  of  the  energy  was 
supplied  by  fat.  In  experiment  No.  57,  which  continued  three  days 
in  Msij.  1903,  a  large  proportion  of  the  energy  of  the  diet  was  supplied 
by  carbohydrates.  In  both  experiments  the  subject  was  engaged  in 
active  muscular  work  on  the  bicj^cle  ergometer,  the  amount  of  work 
performed  being  fairly  uniform  on  all  six  days. 

Experiment  No.  58  was  made  in  November,  1903,  with  the  subject 
H.  F.  The  dietetic  habits  of  the  subject  were  different  from  those 
which  are  ordinarily  f  ollov/ed,  especially  regarding  attention  to  chew- 
ing and  the  nature  of  the  food  ingested.  The  specffic  purpose  was 
to  obtain  knowledge  regarding  his  energy  output  and  drafts  upon 
body  material  while  consuming  a  limited  diet.  During  the  three  days 
of  this  experiment  the  subject  was  at  rest  and  subsisted  on  a  diet  con- 
sisting chiefly  of  carbohydrates  and  furnishing  small  quantities  of 
protein  and  energy. 

A  three-day  fasting  experiment.  No.  59,  was  made  in  December, 
1903.  The  results  are  reported  elsewhere,'^  together  with  other  fast- 
ing experiments. 

In  January,  1904,  the  subject  B.  F.  D.  spent  four  days  in  the  respi- 
ration chamber.  The  specific  purpose  of  the  first  three  days,  which 
comprised  experiment  No.  60,  was  to  study  the  effect  of  varying 
quantities  of  carbon  dioxid  in  the  air  upon  the  output  of  carbon 

aJJ.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Buls.  69,  109,  136. 
bJJ.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  136,  pp.  88-97. 
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dioxid,  water  and  heat,  and  the  intake  of  oxygen.  Durmg  this  period 
the  sul)ject  was  at  rest  and  siibsisted  on  a  diet  supplying  a  relatively 
large  proportion  of  its  energy  in  carbohydrates.  On  the  fourth  day, 
which  was  experiment  No.  61,  the  subject  performed  considerable 
muscular  work  upon  the  bicycle  ergometer,  and  the  energy  of  the  diet 
was  increased  by  the  addition  of  a  considerable  amount  of  fat. 

In  A})ril,  1904,  the  subject  A.  L.  L.  spent  eleven  consecutive  days 
in  the  respiration  chamber,  and  this  period  was  divided  into  the  series 
of  experiments  Nos.  62-67,  inclusive.  Illxperiment  No.  62  covers  the 
first  three  days  of  the  period,  dviring  which  the  subject  performed 
work  upon  the  bicycle  ergometer,  and  subsisted  on  a  diet  supplying  a 
large  proportion  of  its  energy  in  carbohydrates.  Experiment  No.  63, 
which  covers  the  next  three  days,  differed  from  the  first  in  that  the 
diet  was  altered  so  as  to  contain  a  preponderance  of  fat. 

In  experiment  No.  64,  which  covered  the  seventh  day  of  the  period, 
the  diet  was  the  same  as  on  the  first  three  days,  but  the  amount  of 
muscidar  work  ])erformed  was  much  greater.  On  the  eighth  day, 
which  comprised  experiment  No.  65,  the  subject  subsisted  on  a  much 
smaller  diet  and  spent  most  of  the  time  resting  and  sleeping. 

Experiment  No.  66  covered  the  ninth  day,  and  No.  67  the  tenth  and 
eleventh  days  of  the  period.  The  purpose  in  these  two  experiments 
was  to  determine  the  amount  of  work  incidental  to  the  use  of  the 
bicycle  ergometer,  aside  from  that  actually  involved  in  overcoming 
the  resistance  due  to  the  electric  brake.  During  experiment  No.  66 
the  subject  prepared  himself  and  the  ergometer  for  riding  at  the  usual 
times  just  as  in  an  ordinary  work  experiment,  then  dressed  and  spent 
the  remainder  of  the  time  as  an  ordinary  rest  experiment.  Durmg 
ex])eriment  No.  67  he  rode  the  bicycle  ergometer  for  the  usual  period 
of  eight  hours  each  day,  but  no  resistance  was  applied  to  the  disk,  the 
energy  expended  being  merely  that  required  to  keep  the  legs  and 
])edals  in  motion. 

SUBJECTS. 

The  statistics  regarding  the  age,  body  weight,  normal  chest  measure, 
and  body  surface  of  the  four  subjects  of  these  experiments  are  given 
in  Table  3. 


Table     — Statistics  of  subjects  of  metabolism  experiments  Nos.  56-58  and  60-67. 


Subject. 

Occupa- 
tion. 

Num- 
ber of 
ex- 
peri- 
ments. 

Du- 
ra- 
tion. 

Age. 

Body  weight 
without 
clothing. 

Height. 

Normal 
chest, 
measure. 

Body 
surface.o 

T.C.  \V.... 
11.  F  

Teacher. . . 
.Vuthor. . . 
Student.  . 
 do.... 

2 
1 

2 
6 

Days. 
6 
3 
4 

n 

Yrs. 
25 
54 
2.3 
23 

Lbs. 

167.9 

157.5 

147.0 

159.3 

Kgms. 
76.3 
71.6 
66.8 
72.4 

Fi.  in. 
5  10 
5  6 
5  7 
5  5 

Meters 
1.78 
1.68 
1.70 
1.66 

lii. 
.37.0 

Cm. 
94.0 

Sq.  ft. 
23.90 
22.82 
21.85 
23. 03 

Sq. 
meter. 
2.  22 
2.12 
2. 03 
2.14 

B.  F.D.... 
A.  L.  L.... 

35.8 
39.3 

91.0 
99.8 

"Computed  by  the  formula  of  Meeh;  S=I2.312xi/w,  when  S  is  the  surface  of  the  sYia  in  square 
centimeters  and  W  the  weight  of  the  body  in  grams.  ^ 
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The  subject  J.  C.  W.  was  a  former  student  at  Wesleyan  University, 
and  the  subject  of  experiments  Nos.  35  to  55  previously  reported." 
His  experience  in  the  calorimeter  rendered  him  especially  valuable  in 
the  fii'st  experiments  with  the  new  form  of  apparatus.  The  body 
measurements  given  above  show  that  he  was  a  man  considerably 
above  average  height  and  average  weight.  His  general  build  was 
symmetrical  and  typical  of  the  athlete,  with  well  developed  muscles. 
Durmg  his  college  course  he  had  been  a  bicycle  racer.  At  the  time 
of  these  experiments  he  was  apparently  in  perfect  health,  and  although 
he  had  not  been  specially  training  upon  the  bicycle,  he  had  been 
skating  a  great  deal  during  the  preceding  winter,  and  always  made  a 
practice  of  keeping  in  the  best  training  form. 

The  subject  H.  F.  was  54  years  of  age,  and,  as  is  seen  from  the  meas- 
urements of  height  and  body  weight,  was  somewhat  stout.  In  fact, 
with  a  height  of  4  inches  less  than  the  first  subject,  his  body  weight 
was  but  4.7  kilograms  lower.  No  data  as  to  to  his  normal  chest 
measure  were  obtained.  He  was  of  rather  athletic  physique  and 
active  disposition,  and  accustomed  to  considerable  muscular  exer- 
cise. This  subject  had  been  in  the  respiration  chamber  six  months 
before  for  a  short  preliminary  experiment  of  twenty-four  hours,  in 
which,  however,  the  complete  determinations  of  income  and  outgo 
were  not  secured,  as  the  experiment  was  made  before  the  apparatus 
was  fully  developed. 

Subjects  B.  F.  D.  and  A.  L.  L.  were  students  in  Wesleyan  Univer- 
sity, both  of  them  of  muscular  build,  and  rather  above  the  average 
of  the  undergraduate  in  ph5'^sical  development. 

COLLECTION  OF  FECES. 

In  accordance  with  our  usual  custom,  feces  were  separated  b}'  the 
administration  of  lampblack  in  gelatin  capsules,  given  with  the  fu'st 
meal  of  the  test  diet  at  the  beginning  of  the  experiment,  and  with  the 
first  meal  after  the  conclusion  of  the  test  diet,  generally  breakfast. 
That  portion  of  the  feces  colored  by  the  lampblack  first  taken  was 
assumed  to  pertain  to  the  test  diet,  while  at  the  end  all  the  feces 
colored  by  lampblack  ^-ere  rejected.  The  time  of  defecation  and 
the  weight  of  the  feces  were  recorded.  The  separate  defecations 
during  a  given  experiment  were  weighed  and  partially  dried,  then 
weighed  again  and  combined,  and  the  total  quantity  ground  and 
mixed  for  analysis. 

Wliile  in  the  respiration  chamber  the  subjects  defecated  in  copper 
cans  provided  with  well-fitting  covers.  The  act  of  defecation  unfor- 
tunately creates  considerable  disturbance  in  the  regularity  of  the 
heat  measurements  by  short  periods,  since  the  hour  for  defecation  is 
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not  always  the  same  from  day  to  day.  It  is  found  that  subjects  who 
are  perfectly  regular  in  the  time  of  defecation  when  on  normal  diets 
may  experience  marked  irregularities  during  a  test  diet.  This  may 
be  ascribed  either  to  the  peculiar  nature  of  the  diet  or  to  the  lack  of 
muscular  exercise  out  of  doors.  In  experiments  of  short  duration, 
one  day  or  less,  it  is  at  times  possible  to  obviate  this  difficulty  by 
giving  the  subject  an  enema  of  warm  water  just  previous  to  the 
experiment,  thus  emptying  the  lower  bowel  so  that  there  will  be  no 
need  to  defecate  during  the  period.  In  long  experiments  this  is  of 
course  not  feasible,  and  consequently  the  error  in  periodic  heat 
measurements  incidental  to  irregular  defecation  can  not  be  avoided. 
In  general,  however,  with  subjects  who  have  been  upon  the  diet  for 
several  days,  reasonable  regularity  in  the  time  of  defecation  ma}'  be 
expected. 

COLLECTION  OF  URINE. 

The  experimental  day  ends  at  7  a.  ni.  The  subject,  who  has  been 
sleeping  during  the  night,  is  awakened  in  time  to  void  his  mine  at 
that  hour.  The  urine  then  passed  is  considered  as  part  of  the  total 
for  the  tw(>nty-four  hours  ending  at  that  time. 

The  urine  is  commonly  collected  in  short  periods.  In  some  cases 
these  have  been  so  divided  that  the  distribution  of  the  elimination 
of  nitrogen  over  the  twenty-four  hours  could  be  determined.  In 
some  of  the  earlier  experiments  the  collection  was  made  in  6-hour 
periods,  day  and  night,  but  some  of  the  subjects,  when  awakened  to 
lu'inate  at  1  a.  m.,  had  difficulty  in  falling  asleep  again.  In  the 
experiments  here  reported  the  lu'ine  was  collected  in  periods  ending 
at  1  p.  m.,  7  p.  m.,  11  p.  m.,  and  7  a.  m.  The  subjects  retire  at  11 
p.  m.,  and  usually,  with  the  diets  and  amoimts  of  drinking  water 
ordinarily  consumed,  there  is  no  inclination  to  pass  urine  between 
this  hour  and  7  a.  m. 

The  lu'ine  is  collected  in  ordinary  glass  jars  with  glass  covers  easily 
clamped  upon  them.  The  closure  of  the  cover  is  made  perfectl}^ 
tight  by  a  rubber  gasket,  which  is  carefully  inspected  each  time  a  jar 
is  used.  The  jars  are  thoroughly  dried  and  weighed  previous  to  use, 
and  the  increase  in  weight  gives  the  weight  of  urine.  From  the 
total  amount  voided  in  each  period  an  aliquot  portion,  generally  two- 
thirds,  is  made  part  of  a  composite  sample  for  the  da}^;  the  remaining 
po]-tion  is  used  for  the  determination  of  the  nitrogen  elimination  by 
periods.  The  percentage  of  nitrogen  and  heat  of  combustion  per 
gram  are  determined  from  a  samjile  of  the  composite  for  the  day. 
Formerly,  and  indeed  in  some  of  the  experiments  hei'e  reported,  for- 
malin was  added  to  preserve  the  urine  samples;  but  recent  experi- 
ence has  shown  that  it  is  best  to  make  the  determinations  with  the 
iresh  urine  as  soon  as  possible  after  it  is  taken  from  the  res})iration 
calorimeter. 
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From  aliquot  portions  of  the  composites  for  the  several  days  of  an 
experiment  another  composite  for  the  total  experimental  period  is 
prepared  and  samples  of  this  are  dried  for  determinations  of  carbon, 
hydrogen,  and  heat  of  combustion. 

PEUIODIC   DETERMINATION  OF   RESPIRATORY  PRODUCTS, 
OXYGEN,  AND  HEAT. 

The  measurements  of  the  consumption  of  oxygen  and  the  elimina- 
tion of  carbon  dioxid  and  water  vapor  were  made  in  3-hom"  periods 
in  these  experiments  (except  on  the  first  day  of  experiment  No.  56 
on  which  the  periods  were  six  hours),  and  are,  therefore,  not  parallel 
to  the  determinations  of  nitrogen  excretion.  The  measurements  of 
heat  are  such  that  the  heat  removed  from  the  calorimeter  by  the 
water  current  in  the  heat  absorbers  may  be  computed  for  almost  any 
desired  period,  but  the  latent  heat  of  water  vapor  in  the  air  current 
can  be  determined  only  for  periods  corresponding  to  those  of  the 
determinations  of  the  water  vapor  removed  from  the  air. 

PRELIMINARY  EXPERIMENTAL  PERIODS. 

For  several  days  just  preceding  those  that  are  to  be  spent  in  the 
respiration  chamber,  the  subject  is  placed  under  conditions  as  nearly 
as  practicable  the  same  as  those  to  be  observed  during  the  experi- 
ment, especially  as  regards  muscular  activity  and  diet.  The  purpose 
of  this  preliminary  feeding  period  is  principally  to  bring  the  body 
into  approximate  nitrogen  and  carbon  equilibrium  under  the  experi- 
mental conditions.  Any  changes  in  the  ration,  or  in  the  amount  of 
work  to  be  performed  that  may  seem  necessary  or  advisable  are  made 
during  this  period.  In  former  experiments,  and  also  in  connection 
with  some  of  those  here  reported,  the  feces  corresponding  to  the  food 
of  this  preliminary  period  were  separated  and  the  digestibility  of  the 
food  was  ascertained.  In  later  experiments,  although  the  prelimi- 
nary feeding  was  continued,  the  digestibilit)^  of  the  food  during  this 
period  was  not  so  regularly  determined. 

On  the  last  day  of  the  preliminary  feeding  period  the  subject  enters 
the  respiration  chamber,  generally  in  the  evening,  and  retires  at  11 
p.  m.  This  preliminary  night  period  allows  the  observer  ovitside  to 
bring  the  condition  of  the  chamber  as  regards  temperature  and  carbon 
dioxid  and  water  vapor  of  the  air  current  to  correspond  with  those 
during  the  experiment.  At  7  a.  m.  the  subject  is  aroused  and  the 
experiment  begins. 

The  particular  reason  for  beginning  and  ending  the  experimental 
day  at  7  a.  m.  is  that  the  conditions  of  the  body  with  respect  to 
muscular  activity,  materials  in  the  alimentary  tract,  etc.,  are  believed 
to  be  more  nearly  uniform  from  day  to  day  at  the  end  of  a  night's 
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rest  and  after  the  longest  period  between  nieals  than  at  any  other 
period  of  the  day.  In  all  the  experience  with  the  respiration  calori- 
meter no  other  division  of  time  has  proved  so  advantageous  as  tnis. 

ORDER,  DURATION,  AND  CHARACTER  OF  EXPERIMENTS  HERE 
'  REPORTED. 

As  previously  stated,  the  experiments  here  reported  are  numbered 
consecutively  with  those  published  in  former  bulletins.  Their  chrono- 
logical order,  duration,  and  character  are  shown  in  the  following 
tabulation,  the  preliminary  digestion  experiments  and  corresponding 
metabolism  experiments  being  grouped  in  series. 

Table  4. — Ditralion  and  characUr  of  metabolism  experiments  Nos.  56-58  and  60-67 
and  corresponding  -preliminary  periods. 


Subject. 


Series  19,  Apr.  23-29,  1903: 

Preliminary  digestion  experiment  No.  (114.  J.  C.  W 

Metabolism  experiment  No.  5{>  do  . . . 

Series  20,  May  :5-9.  1903: 

Preliminary  digestion  experiment  No.  616..'  do. . . 

Metal)olism  experiment  No.  57  '  do. . . 

Series  21,  Nov.  7-12,  1903:  I 

Preliminary  digestion  experiment"  I  H.  F  

Metabolism  experiment  No.  58  '  do. . . 

Series  22,  Jan.  21-30,  1904: 

Preliminary  digestion  experiment  No.  619..  B.  F.  D. 

Metabolism  experiment  No.  60  do. . . 

Metabolism  experiment  No.  61  do... 

Series  23,  Apr.  12-26,  1904: 

Preliminary  digestion  experiment  No.  622..  A.  L.  L. 

Metabolism  experiment  No.  (i2  do. 

Metabolism  experiment  No.  63  '  do. 

Metaljolism  experiment  No.  64  do. 

Metabolism  experiment  No.  65  do. 

Metabolism  experiment  No.  6(i  do. 

Metabolism  experiment  No.  67  do. 


Dura-  Character  of 
tion.  diet. 


Days. 
4 


Fat  

....do  

Carbohydrate 
....do  

....do  

....do  

...do  

....do  

....do  

Mixed  

Carbohydrate" 

Fat  

...do  

Carliohydrate 

....do  

....do  


Muscular  ac- 
tivity. 


Work. 
Do. 

Do. 
Do. 

Rest. 
Do. 

Do. 
Do. 
Work. 

Do. 

Do. 

Do. 
Severe  work. 
Rest. 

Do. 

Light  exer- 
cise, ti 


a  No  separation  of  feces  was  made  between  the  preliminary  period  and  that  of  the  metabolism  exper- 
iment. 

b  Running  the  bicycle  ergomcter  without  external  resistance. 


EXPERIMENTAL  DATA  AND  THE  CALCULATION  OF  RESULTS. 

The  discussion  of  the  experiments  and  the  computations  of  the 
metabolism  of  matter  and  energy  are  given  on  the  pages  immediately 
following.  The  fundamental  data  of  the  experiments  from  which 
those  used  in  the  discussion  beyond  are  derived  are  given  in  Tables 
106  to  122  of  the  Appendix.  They  are  given  there  in  detail  for  the 
shorter  periods  into  which  the  experiments  were  divided,  but  are 
summarized  in  the  account  that  follows  here  for  each  day  of  an  experi- 
ment and  for  each  experiment  as  a  whole. 

The  computations  involved  in  the  estimation  of  the  metabolism  of 
matter  and  energy  from  the  data  obtained  in  the  experiments  are 
somewhat  complicated.  The  different  stej)s  in  the  calculations  are 
explained  in  detail  in  the  account  of  experiment  No.  56.    Since  the 
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same  method  is  followed  in  all  experiments,  this  explanation  need 
not  be  repeated  in  each  case. 

METABOLISM  EXPERIMENT  NO.  56. 

The  first  complete  metabolism  experiment  with  the  new  form  of 
respiration  calorimeter  was  No.  56,  made  in  April,  1903.  This  experi- 
ment and  No.  57  were  essentially  repetitions  of,  respectively,  Nos.  54 
and  53,  two  experiments  of  the  last  series  with  the  older  form  of 
apparatus.  The  specific  object  was  a  continuation  of  the  study  of 
the  relative  efiiciency  of  food  fats  and  carbohydrates  as  sources  of 
energy  during  muscular  work.  The  subject  was  J.  C.  W.,  who  had 
served  in  the  preceding  series  and  in  a  large  number  of  earlier 
experiments. 

A  preliminary  digestion  experiment  of  four  days'  duration  began 
with  breakfast  April  23.  During  this  period  the  subject  con- 
sumed the  same  diet  as  was  to  be  given  in  the  metabolism  experunent 
and  regulated  his  muscular  activity  in  accordance  with  the  amount 
of  external  muscular  exercise  which  he  would  perform  when  in  the 
respiration  chamber.  He  devoted  a  considerable  part  of  each  day 
to  riding  a  new  form  of  bicycle  ergometer  that  was  to  be  used  for 
the  measurement  of  muscular  work,  accustoming  himself  to  its  use 
and  deciding  upon  the  amount  of  resistance  suitable  for  the  entire 
eight  hours'  riding. 

At  10  p.  m.  of  April  26,  the  fourth  day  of  the  preliminary  period, 
the  subject  entered  the  respiration  chamber,  and,  after  adjusting  the 
furniture  and  fixtures,  retired  at  11  p.  m.  Metabolism  experiment 
No.  56  began  at  7  the  following  morning  and  continued  three  days, 
until  7  a.  m.  April  30. 

DAILY  PROGRAMME. 

Since  the  transformations  of  energy  in  the  body  are  governed  so 
largely  by  the  bodily  activity,  the  latter  must  be  as  nearly  uniform 
as  possible  in  experiments  in  which  comparison  of  the  transforma- 
tions of  energy  is  to  be  made.  For  this  reason  the  regulation  of  the 
muscular  activity  of  the  body  is  an  essential  condition  of  both  the 
rest  and  the  work  experiments.  Even  in  the  work  experiments  in 
which  a  very  large  proportion  of  the  total  expenditure  of  energy  is 
concerned  in  the  measured  work  upon  the  bicycle  ergometer  it  is 
desirable  to  have  the  remaining  activity  as  nearly  uniform  as  pos- 
sible on  different  days.  Experience  has  shown  that  in  order  to  secure 
the  greatest  uniformity  in  the  muscular  movements  of  the  subject 
these  should  be  governed  by  a  prearranged  schedule.  A  copy  of 
such  programme  is  given  to  the  subject  inside  the  chamber  and  others 
are  supplied  to  the  observers  outside,  who  make  sure  that  it  is 
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followed  as  closely  as  possible.  The  daily  programme  for  experiment 
No.  56  follows: 


Table  5. — Dniiti  nnxinincinc. 

iiuiaboUsm 

experiment  No.  56. 

7.00 

a. 

m. 

Tako  pulse  and  temperature. 

2.00  p.  m. 

Begin  work. 

7.03 

a. 

m. 

Pass  iirino,  wcifjh  self  dressed,  collect 

4.00  p.  m. 

Stop  work;  drink  2.50  grams  water. 

drip,  mill  wi'ifih  .■ihsorbers. 

4.15  p.  in. 

Begin  work. 

7.. 30 

a.  m. 

liroii kf;i .^t ;  drink  400  grains  water. 

0.15  p.  in . 

Stop  work;  change  underclothing. 

8. 1.') 

a. 

m. 

Begin  work. 

(i.20  p.  m. 

Supper;  drink  400  grams  water. 

10.1.5 

a.  m. 

Stop  work;  drink  250  grams  water. 

0.50  p.  m. 

Remain  quiet. 

10. .--.o 

a. 

m. 

Begin  work. 

7.00  p.  m. 

Pass  urine,  weigh  self  dressed,  collect 

12.:«) 

!>■ 
P- 

in. 

Stop  work. 

1 

drip,  and  weigh  absorbers. 

12. .■.0 

m. 

Keniain  quiet 

1   9.00  p.  m. 

Drink  2,")()  gninis  water. 

1.00 

]>• 

III. 

Pass  urine,  collect  drip,  and  weigh 

10.45  p.  in. 

Arrange  bed. 

absorliers. 

11.00  p.  m. 

Pass  urine;  retire. 

1.25 

P- 

m. 

Dinner;  drink  400  grams  water. 

At  7  a.  m.  the  subject  was  called  by  telephone.  In  this  particular 
experiment  his  first  duty  was  to  count  the  pulse  and  ascertain  the 
body  temperature  with  a  clinical  thermometer  before  rising.  After 
these  were  recorded  the  subject  arose,  voided  the  urine,  dressed, 
and  weighed  himself.'^  The  subject  next  collected  the  "drip  water" 
condensed  on  the  heat  absorbers  in  dry,  previously  weighed  bottles. 
Since  a  considerable  quantity  of  moisture  remained  adhering  to 
the  surface  of  the  heat-absorbing  system  the  absorbers  were  weighed. ° 

At  7.30  breakfast  was  eaten  and  a  definite  quantity  of  water 
was  drunk.  After  breakfast  the  subject  made  preparations  for 
the  morning  work,  such  as  removing  his  ordinary  clothing,  adjust- 
ing the  seat,  handle  bars,  and  the  pedals  of  the  bicycle  ergometer, 
making  the  electrical  connections,  and  reading  the  counter.  At 
8.15  he  began  work  and  continued,  usually  without  stopping,  until 
10.15,  when  he  rested  for  fifteen  minutes,  during  which  time  he 
drank  more  water.  At  10.30  he  resumed  work  and  continued 
without  interruption  for  two  hours.  He  then  stopped,  put  on  his 
outer  clothing,  moved  the  ergometer  to  one  side,  and  sat  down. 
At  12.50,  ten  minutes  before  the  end  of  the  period,  he  was  cautioned 
to  be  especially  quiet,  sitting  as  still  as  possible  in  the  chair,  since 
it  was  desired  to  secure  even  temperature  conditions  inside  the 
chamber  just  at  this  time. 

The  schedule  for  the  next  six  hours  was  much  the  same  as  that 
for  the  morning  period.  At  1  p.  m.  the  subject  again  voided  urine, 
collected  the  drip  water,  and  weighed  the  absorbers.  At  1.25  he 
ate  dinner  and  drank  water.  Work  began  again  at  2  p.  m.  and 
continued  for  two  hours,  at  the  end  of  which  the  subject  stopped 

"  In  this  experiment  and  in  others  up  to  No.  62  the  subject  determined  the  weights 
of  himself,  the  heat  absorbers,  etc.,  in  the  same  way  as  in  earlier  experiments — that 
is,  by  means  of  weighing  devices  inside  the  respiration  chamber.  In  experiment 
No.f)2  and  those  following  the  weights  were  determined  by  means  of  a  device  for  weigh- 
ing from  (lulside  the  chamber.    (See  Carnegie  Inst.  Washington  Pub.  No.  42,  p.  158.) 
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for  fifteen  minutes'  rest  and  a  drink  of  water.  At  4.15  he  resumed 
work  and  continued  until  6.15,  at  which  time  the  last  work  period 
for  the  day  ended.  He  then  removed  his  damp  underclothes  and 
put  on  a  dry  union  suit  and  dressed  himself,  ate  his  supper,  and 
drank  water.  He  remained  quiet  from  6.50  until  7  p.  m.,  then 
voided  urine,  weighed  himself  dressed,  collected  the  drip  water, 
and  weighed  the  absorbers.  At  9  p.  m.  he  drank  water.  At  10.45 
he  arranged  his  bed  for  the  night,  and  at  11  o'clock  he  voided  urine 
and  retired. 

The  above  programme  is  essentially  the  same  as  that  of  earlier 
work  experiments,  being  altered  slightly  for  changes  in  the  method 
of  experimenting,  the  introduction  of  different  pieces  of  apparatus, 
and  subdivision  of  the  experimental  periods. 


STATISTICS  OF  FOOD,  FECES,  AND  URINE. 


The  diet  in  this  experiment  was  very  simple,  consisting  of  bread,  " 
ginger  snaps,  shredded  wheat,  butter,  milk,  and  cream,  with,  an 
infusion  of  cereal  coffee.  This  was  in  accordance  with,  the  condi- 
tions already  explained  on  page  45  regarding  the  necessity  for  accu- 
rate sampling  and  analysis.  The  results  of  the  analyses,  including 
determinations  of  the  heats  of  combustion  per  gram,  of  the  different 
food  materials  and  also  of  the  feces  and  urine  are  given  in  thj  follow- 
ing table: 

Table  6. — Percentage  composition  and  heat  of  combustion  per  gram  of  food  materials, 
feces,  and  urine  in  metabolism  experiment  No.  56. 


Kind  of  malerial. 


Bread  

Ginerer  snaps  

Shredded  wheat  

Butter  

Milk  a  

Cream  

Cereal  coffee  infusion 

Feces  

Urine,  first  dayf  

Urine,  second  dayc. . 
Urine,  third  day  c. . . 


Water. 


Per  cl. 
38.8 
7.5 
8.2 
8.8 
85.8 
fi9.2 
99.1 
79.8 
95.3 
95.3 
95.3 


Pro- 
tein. 


P.ct. 
8.3 
5.2 
9.7 
1.3 
3.7 
2.8 
.1 
4.7 


Fat. 


Perct. 
1.5 
9.0 
.1.7 
86.2 
4.4 
23.4 


5.1 


Carbo- 
hy- 
drates. 


Per  ct. 
50.5 
75.9 


5.3 
4.0 


6.6 


Ash. 


Perct. 
0.9 
2.4 
1.6 
3.7 


3.8 
.9 
.9 


Nitro- 
gen. 


Perct. 

1.46 
.91 

1.70 
.20 
.60 
.45 

6.01 
.75 
.96 

1.59 

1.79 


Car- 
bon. 


Perct. 
27.88 
42. 41 
41.32 
64.68 

7.58 
20.96 

6.47 
11.18 
.77 

1.29 

1.46 


Hydro- 
gen. 


Per  ct. 
4.05 
6. 14 
5.65 
10.51 
1.18 
3. 16 
l'.07 
1.70 
.20 
.32 
.37 


1  See  o.xplanation  on  p.  60.      b  Assumed  from  earlier  analysis.      <■  Sec  explanation  on  p.  61. 


Of  the  data  given  above,  the  proportions  of  water,  fat,  ash,  nitro- 
gen, carbon  and  hj'drogen,  and  the  heats  of  combustion  were  directh' 
determined.  The  proportion  of  protein  was  calculated  in  the  usual 
manner  from  the  percentage  of  nitrogen  by  an  appropriate  factor  for 
each  kind  of  food  material.    The  proportion  of  carbohydrates  was 
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determined  in  each  case  by  difference.  The  data  that  are  u.sed  in  the 
computations  of  metaboHsm  beyond  are  those  actually  determined 
for  water,  chemical  elements,  and  energy.  The  proportions  of  pro- 
tein computed  by  factor,  of  carbohydrates  by  diiTerence,  etc.,  are 
used  only  in  estimatint;  the  digestibility  of  the  food. 

The  total  weiji;ht  of  each  kind  of  food  per  day  and  the  quantities 
of  different  compounds  and  elements  and  of  energy  supplied,  are 
shown  in  Table  7.  The  corresponding  data  for  the  feces  and  urine 
are  also  included  in  tli(>  table. 


Table  7. — Total  daily  weight,  composition,  and  heat  of  combustion  of  food,  feces,  and 
urine,  metabolism  experiment  No.  56. 


(a) 

Total 
weight. 

Wa- 
ter. 

Water  free  substance. 

l,abo- 
nito- 
ry  No. 

Kind  of  iiiatoriHl. 

(0 

Pro- 
tein. 

(d) 
Fat. 

(«) 

Car- 
bohy- 
drates* 

(/■) 
Ash. 

(9) 

JNl- 

tro- 
gen. 

(ft) 

Car- 
bon. 

(0 

Hy- 
dro- 
gen. 

W 
Oxy- 

gen 
by  dif- 

fer- 
ence. 

(I) 

Heat 

of 
com- 
bus- 
tion. 

Cals. 

1,210 
361 
255 
161 
178 
46 

3636 
3639 
3637 
3638 

3644 

3642 
3643 

3642 
3643 

3642 
3643 

3646 

Food. 

Basal  ration. 

Bread  

Butter  

Gm.i. 
440 
45 
60 
40 
45 
1,200 

Gm.i. 
170.7 
4.0 
4.5 
3.3 

Gms. 
36.5 
.6 
3.1 
3.9 

Gmn. 
6.6 
38.8 
5.4 
.  7 

Gms. 
222.2 

Gm.f. 
4.0 
1.6 
1.4 
.6 

Gms. 
6. 42 
.09 
.55 
.68 

Gms. 
122. 67 
29. 1 1 
25. 45 
16.  .'53 
18.95 
5.64 

Gms. 

17.82 
4.73 
3.68 
2. 26 
2.92 
.84 

Gms. 
118.39 
5.47 
24.  42 
16.63 
23.13 
4.20 

192.24 

Shredded  wheat  

Sucar  

45.6 
31.5 
45.0 
9.6 

Cereal  coffee  

1,189.2 

1-2 

.12 

Total  basal  ra- 
tion  

Supplemental  ration. 

First  day: 
Milk 

Cream  

Total  ration  

Second  day: 

Milk  

Cream  

Total  ration 

Third  dav: 

Milk...'  

Cream  

Total  ration  

Excreta. 

Total  feces  for  3 

Average  per  day. 

Urine  Apr.  27-28  

Urine  Apr.  2S-29  

Urine  Apr.  20-:50 

1,830 

1,371.7 

45.3 

51.5 

353.9 

7.6 

7.86 

218.35 

32.26 

2,211 

1,000 
1,020 

! 

8.58. 0    37. 0 
705. 8j  28.6 

44. 0 
238^7 

.53.0 
40.8 

S.O 
6.1 

6. 00 
4!  59 

75. 80 
213!  79 

11. 80 
32!  23 

40. 40 
57^49 

853 
2,484 

3,850 

2,935.5  110.9 

334.2 

447.7 

21.7 

18.  45 

.507. 94 

76.28 

290. 13 

5,548 

1,000 
1,070 

858.0 
740.4 

37.0 
30.0 

44.0 
250.4 

53.0 
42.8 

8.0 
6.4 

6.00 
4.82 

75.80 
224.  27 

11.80 
33.81 

40.40 
60.30 

865 
2,473 

3,900 

2,970.1 

112.3 

345.9 

449.7 

22.0 

18.68 

518.42 

77.86 

292.94 

5,549 

1,000 
1.130 

3.960 

858.0 
782.0 

.37.0 
31.6 

44.0 
264.4 

^3.0 

45. 2 

8.0 
6.8 

6.00 
5.09 

75.80 
236. 85 

11.80 
35. 71 

40.40 

63.55 

903 
2,485 

3.011.7 

113.9 

359.9 

452.1'  22.4 

18.95 

.531.00 

79.76 

296. 19 

5,599 

719.1 

573.8 

33.8 

36.7 

47.5 

27.3 

5.39 

80.40 

12.22 

19.99 

927 
309 

239.  7 

191.3 

11.3 

12.2 

15.8 

9.1 

1.80 

26.80 

4.07 

6.66 

1.495.6 
973.0 
959.1 

1.425.sl  _ 

14.1 
9.1 
9.0 

14.31 
15.49 
17.17 

11., 57 
12.52 
13.96 

38.05 

2.92 
3.16 
3.  .52 

26.90 
5.23 
1.15 

147 
130 
138 

927.5 
914.3 

Total  urine  for  3 

3, 427. 7 

3,267.6 

32.2 

46.97 

9.60 

33.28 

415 

The  diet  in  this  experiment  was  intended  to  be  as  nearly  as  possible 
the  same  as  that  of  experiment  No.  55 — to  furnish  about  18  grams  of 
nitrogen  and  5,500  calories  of  energy  per  day.    Not  only  were  the 
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same  kinds  of  food  materials  used,  but  also,  except  for  the  milk  and 
cream,  each  was  used  in  exactly  the  same  amount  as  in  the  previous 
experiment.  The  ration  was  divided  into  a  basal  and  a  supplemental 
portion,  the  basal  ration  consisting  of  those  materials  that  could  be 
prepared  beforehand  in  definite  quantities,  and  the  supplemental, 
consisting  of  the  milk  and  cream,  those  that  had  to  be  prepared  each 
day.  The  materials  in  the  basal  ration  had  not,  of  course,  exactly  the 
same  composition  as  the  similar  materials  used  in  experiment  No.  55, 
hence  the  total  amount  of  nitrogen  and  energy  derived  from  these 
substances  was  slightly  different  from  that  in  the  earlier  experiment. 
It  was  believed  that  by  proper  manipulation  of  the  quantities  of 
milk  and  cream  supplied  a  definite  amount  of  nitrogen  and  energy 
could  be  maintained  in  the  ration.  Unfortunately  this  was  not 
accomplished  as  accurately  as  desired,  consequently  the  amount  of 
energy  ranged  from  5,548  calories  on  the  first  day  to  5,599  calories  on 
the  third  day. 

Since  this  experiment  was  designed  to  study  the  efficiency  of  fat 
as  a  source  of  energy  for  muscular  work,  as  large  a  proportion  as 
practicable  of  the  energy  of  the  diet  was  supplied  by  fat.  The  total 
quantity  of  fat  in  the  diet  ranged  from  334  to  359  grams.  Since 
this  was  all  butter  fat,  with  a  heat  combustion  of  approximately  9.3 
calories  per  gram,  the  quantity  of  energy  fi'om  fat  ranged  from  3,100 
to  3,350  calories,  or  about  60  per  cent  of  the  total  quantity  of  energy 
in  the  diet. 

Both  milk  and  cream  were,  as  already  suggested,  obtained  fresh 
daily,  and  the  subject  used  milk  and  cream  from  two  lots  each  day, 
that  delivered  at  the  laboratory  in  the  morning  being  used  at  dinner 
and  supper  of  the  same  day  and  at  breakfast  of  the  next  da}^,  so  that 
four  lots  of  milk  and  cream  were  used  for  tlii'ee  days.  The  quantity 
of  nitrogen  and  the  heat  of  combustion  per  gram  of  both  mUk  and 
cream  were  determined  as  soon  as  possible  after  they  were  delivered 
at  the  laboratory.  The  saisae  quantity  of  milk  was  used  each  day, 
but  the  quantity  of  cream  was  regulated  in  accordance  with  these 
determinations  so  as  to  bring  the  total  amount  of  nitrogen  and  of 
energy  in  the  diet  to  agree  with  that  decided  upon  before  the  experi- 
ment began.  The  total  heat  of  combustion  for  milk  and  cream  given 
in  the  final  column  of  Table  7  is  therefore  composed  of  two  factors 
in  each  case.  On  the  first  day  of  experiment  No.  56  the  milk  con- 
sumed consisted  of  325  grams  of  one  lot  with  a  heat  of  combustion  of 
0.857  calories  per  gram,  and  675  grams  of  another  lot  with  a  heat  of 
combustion  of  0.851  calories  per  gram,  making  the  total  quantity  of 
milk  1 ,000  grams  and  the  total  energy  853  calories.  On  the  second 
day  there  were  350  grams  of  the  milk  with  a  heat  of  combustion  of 
0.851  calories  per  gram,  and  650  grams  of  a  lot  with  a  heat  of  com- 
bustion of  0.873  calories  per  gram.    On  the  third  day  there  were  350 
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grams  of  the  milk  witii  a  heat  of  eombustion  of  0.873  calories  per 
gram,  and  650  grams  of  milk  with  a  heat  of  combustion  of  0.919 
calories  ])er  gram.  For  the  analysis  of  the  milk  a  composite  sample 
consisting  of  aliquot  portions  of  each  lot  of  milk  used  was  prepared. 
The  same  is  true  with  respect  to  the  cream  used.  For  this  reason 
no  figure  for  heat  of  combustion  per  gram  of  either  milk  or  cream  is 
given  in  the  final  column  of  Table  6,  the  other  data  for  these  two 
materials  being  the  analyses  of  the  composite  samples.  The  figures 
in  the  last  ten  coliunns  of  Table  7  are  derived  from  those  in  column 
a  regarding  the  total  weight  of  material,  and  the  data  in  Table  6 
regarding  percentage  composition  and  heat  of  combustion  of  the 
food  materials,  except  that  the  data  in  column  It  are  calculated  by 
dilference  by  subtracting  the  sum  of  columns/,  g,  h,  and  i  from  the 
difference  between  columns  a  and  b. 

In  accordance  with  the  usual  custom,  the  total  quantity  of  feces 
for  the  tlu'ee  days  of  the  experiment  was  used  as  a  sample  for  analysis. 
From  the  results  of  the  analysis  and  the  total  weight  of  the  material, 
the  quantities  of  water,  compounds,  and  elements  given  in  Table  7 
were  computed.  One-tliird  of  each,  or  the  average  quantity  per  day, 
is  used  in  the  subsequent  computations  of  metabolism  of  matter  and 
energy  for  the  different  days  of  the  experiment. 

In  the  case  of  the  urine,  the  proportion  of  nitrogen  and  the  heat 
of  combustion  per  gram  were  determined  in  the  material  for  each  day. 
The  proportions  of  carbon  and  hydrogen  were  determined  from  a 
composite  sample  containing  aliquot  portions  of  urine  for  each  day 
and  were  apportioned  among  the  separate  days  in  accordance  with 
the  nitrogen  determinations.  This  was  not  done  in  the  case  of  water, 
however,  consequently  there  is  a  slight  error  in  the  water  data  for 
the  separate  days,  but  it  is  insignificant. 

ERKOKS  IN  ASSUMING  OXYGEN  "  BY  DIFFERENCE." 

At  present  there  is  no  method  for  determining  directly  the  quan- 
tity of  oxygen  in  the  solid  materials  of  food  and  excreta,  hence  it  is 
computed  "by  difference,"  as  stated  above.  This  is,  of  course,  inac- 
curate, since  any  errors  in  the  determination  of  the  other  ingredients 
affect  the  value  for  oxygen.  Thanks  to  the  Kjeldahl  method,  errors 
attending  the  determination  of  nitrogen  are  now  in  large  measure 
avoided,  and  the  experimental  technique  connected  with  the  deter- 
mination of  carbon  and  organic  hydrogen  has  been  so  developed  as 
to  eliniinate  in  large  part  the  errors  usually  accompanying  these 
determinations.  At  the  same  time,  there  are  still  two  serious  sources 
of  errors,  which  ultimately  affect  the  oxygen  determination,  namely, 
the  determination  of  water  in  the  fi-esh  material,  and  the  determi- 
nation of  mineral  matters  or  ash. 
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Considerable  experimenting  has  been  carried  out  in  this  laboratory 
Avith  a  view  to  determining  accurately  the  water  content  of  foods, 
feces,  and  phj^-siological  preparations.  The  difficulties  experienced 
have  been  much  greater  than  were  at  first  anticipated.  By  prolonged 
desiccation  over  sulphuric  acid  in  a  high  vacuum,  it  has  been  found 
possible  to  abstract  the  moisture  fi'om  compounds  of  this  nature 
without  affecting  the  molecular  composition  of  the  other  chemical 
compounds,  but  even  with  the  improved  method  there  are,  with 
many  compounds,  some  difficulties  due  to  their  hygroscopic  nature 
that  probably  result  in  errors,  which  must  ultimately  affect  the 
oxygen  determination. 

The  greatest  sources  of  error,  however,  are  in  the  determination  of 
ash  or  mineral  constituents.  The  method  for  the  determination  of 
ash,  as  at  present  carried  out,  while  sufficing  for  the  analyses  of 
commercial  products,  is  still  too  unsatisfactory  to  remain  as  a  stand- 
ard for  analyses  accompanying  physiological  experunenting.  The 
differences  in  the  amount  of  carbon  dioxid  retained  by  an  alkaline 
ash,  especially  in  urine,  the  hygroscopic  nature  of  many  of  the  salts 
formed,  the  volatility  and  proneness  to  decomposition  of  ammonium 
compounds,  and  the  loss  of  sulphur  and  phosphorus,  are  all  factors 
which  are  as  yet  but  too  little  understood  and  too  unsatisfactorily 
regulated.  So  far  as  the  balance  of  ash  is  concerned  these  errors  are 
probably  of  no  great  significance,  but  with  the  attempt  to  estimate 
accurately  the  amount  of  oxygen  in  the  food,  feces,  and  urine  the 
errors  accompanying  the  ash  determination  have  a  new  significance. 

Fortunately  the  amount  of  oxygen  in  the  dry  matter  of  food,  feces, 
and  urine,  when  compared  to  the  total  quantity  of  oxygen  in  the 
intake  and  output,  is  relatively  small  and  consequently  the  percent- 
age error  is  not  large.  It  is  clear,  however,  that  every  precaution 
should  be  taken  to  eliminate  this  error  and  insm-e  the  greatest  possible 
accuracy  in  the  estimation  of  oxygen  by  difference. 

WATER  OF  RESPIRATION  AND  PERSPIRATION. 

The  data  from  which  is  determined  the  amount  of  water  eliminated 
by  the  subject  in  respiration  and  perspiration  consists  of  the  quan- 
tity of  water  vapor  absorbed  fi'om  the  ventilating  air  ciu-rent,  the 
amount  of  moisture  residual  in  the  air  of  the  chamber,  the  amount 
condensed  on  the  heat  absorbers  when  there  is  muscular  exercise, 
and  the  amount  absorbed  by  the  underclothes  during  profuse  per- 
spiration. These  data,  which  are  given  in  detail  for  the  difi'erent 
experiments  in  the  Appendix,  are  summarized  here  for  experiment 
No.  56. 
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Tables. — Daily  record  of  u'atcr  of  rcs'piration  and  perspiration  inelaholisvt  experiment 

No.  56. 


Date. 

(a) 
Total 
amount 
of  vapor 
in  cham- 
ber at  end 
of  day. 

(6) 
Gam  (+) 

or 
loss  (  — ) 

over 
preceding 
day. 

«■) 
Change 
in  weight  of 
absorl.iers, 
gain  (  +  )  or 
loss  (  — ). 

(d) 

Amount 

in 
muier- 
clotlies.* 

(€) 
Total 
amount 

gained  (+) 
or  lost  (  — ) 
during  day, 
6+c+d. 

(/) 

Total 
amount  in 
outgoing 
air. 

(ff) 
Total 
water  of 
respiration 
and  perspi- 
ration,* 

€+/. 

1903. 

April  27-28  

28  29  

29-30  

Total,  3  days 

Grams. 
fi3. 14 
fi3.  70 
60.37 

Grams. 
+8.50 
+  .56 
-3.33 

Grams. 
+2,343.(0 
+  2,667.20 
+  2,458.20 

Grams. 
110. 1 
1.58. 9 
203.9 

Grams. 
2, 462. 20 
2,826.66 
2, 658. 77 

Grams. 
1,240.07 
1,353.12 
1,248.37 

Grams. 
3, 702. 27 
4, 179.78 
3,907.14 

+5.73 

+  7,469.00 

472.9 

7,947.63 

3,841.56 

11,789.19 

*  Including  solids  of  perspiration.   See  explanation  below. 


In  the  above  table  column  a  shows  the  total  amount  of  water  vapor 
remaining  in  the  chamber  at  the  end  of  each  day  of  the  experiment, 
as  ascertained  from  analysis  of  the  residual  air  (see  p.  21).  The 
variations  between  the  amounts  at  the  etids  of  the  succeeding  days, 
which  are  shown  in  column  h,  indicate,  according  to  whether  they  are 
preceded  by  a  plus  or  minus  sign,  an  increase  or  decrease  in  the 
amount  of  residual  moisture  in  the  air  for  the  corresponding  period. 
The  amount  of  water  condensed  on  the  heat  absorbers  is  recorded  in 
column  c.  In  work  experiments  such  as  this  one,  this  amount  is  very 
large  and  includes  both  that  actually  weighed  as  moisture  condensed 
on  the  absorbers  themselves  and  that  collected  as  drip  water  in  the 
troughs  of  the  shields  to  the  heat  absorbers  from  which  it  is  drawn 
into  bottles  and  weighed.  The  figures  in  column  d,  representing  the 
amount  of  moisture  absorbed  by  the  underclothing  worn  by  the  sub- 
ject during  the  working  periods,  are  determined  from  the  increase  in 
the  weight  of  the  underclothes,  wliich  are  changed  each  day  about 
6  p.  m.,  shortly  after  the  day's  work  is  finished.  There  is  a  slight 
error  in  these  figures,  because  the  material  absorbed  by  the  clothing 
contained  some  solids.  The  effect  of  this  error  is  very  small,  and  no 
allowance  has  been  made  for  it  in  any  of  the  experiments  here  re- 
ported, though  of  course  correction  should  be  made  for  the  amount 
of  solid  material  in  determining  the  absolute  quantity  of  moisture 
in  the  underclothing.  The  moist  clothes  were  washed  in  distilled 
water  to  extract  the  solid  matter  retained  by  them,  and  the  amount 
of  nitrogen  in  the  wash  water  was  determined,  as  shown  later  (Table 
12),  but  the  total  weight  of  solids  was  not  ascertained. 

The  total  amount  of  moisture  in  the  air  that  leaves  the  chamber 
is  shown  in  column  /.  This  amount  added  to  that  in  column  e,  which 
is  the  algebraic  sum  of  columns  6,  c,  and  d,  is  given  in  column  g  as  the 
total  water  of  respiration  and  perspiration.  Corrections  should  be 
made,  however,  for  gain  or  loss  of  moisture  due  to  changes  in  the 
hygroscopic  condition  of  the  bed,  bedding,  furniture,  etc.  In  this 
experiment  and  in  the  five  following  it,  the  determination  of  these 
changes  in  moisture  content  of  the  various  articles  witliin  the  respira- 
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tion  chamber  could  not  be  made,  but  with  the  introduction  of  the 
new  weighing  device  mentioned  on  page  194,  the  change  in  the  weight 
of  these  articles  was  determined  with  considerable  accuracy. 

CARBON  DIOXID  ELIMINATED. 

Unlike  the  determination  of  water,  in  which  case  a  very  large  pro- 
portion of  the  vapor  given  off  from  the  lungs  and  skin  is  condensed 
on  the  heat  absorbing  device  and  collected  therefrom  as  drip  water, 
the  carbon  dioxid  is  wholly  (except  for  a  small  residual  amount)  car- 
ried out  of  the  chamber  by  the  ventilating  air  current  and  removed 
from  the  air  by  the  soda  lime  with  which  it  is  brought  in  contact. 
The  total  amount  of  carbon  dioxid  eliminated  during  the  day  is, 
therefore,  determined  by  weighing  the  cylinders  of  soda  lime  at  the 
beginning  and  end  of  the  period  and  making  due  allowance  for  varia- 
tions in  the  amount  of  carbon  dioxid  residual  in  the  air  of  the  cham- 
ber. The  data  regarding  the  entire  elimination  of  carbon  in  experi- 
ment No.  56  are  summarized  in  Table  9. 


Table  9. — Daily  record  of  carbon  dioxid  in  vtntilaling  air  cuirent  ,  metabolism  experiment 

No.  56. 


Date. 

Carbon  dioxid. 

(/) 

Carbon  in 
carbon- 
dioxid 
exhaled, 

(a) 
Total 
amount  in 
chamter 
at  end  of 
day. 

(6) 
Gain  (  +  ) 
or  loss  (— ) 

over 
preceding 
day. 

(e) 
Total 
amount 
absorbed 
from  out- 
coming  air. 

(d) 

Amount 
exhaled  by 
subject, 
b+c. 

ie) 

Volume 
exhaled  by 

subject, 
a'XO.5091. 

1903. 

April  27-28  

28-  29  

29-  30  

Total,  3  days  

Grams. 
40. 53 
38.15 
35.49 

Grams. 
-2.02 
-2. 38 
-2.66 

Grams. 
1,777.63 
1,815. 94 
1,700.07 

Grams. 
1,775.61 
1,813.56 
1,697.41 

Liters. 
903. 96 
923. 28 
864. 15 

Gram.'!. 
484. 25 
494. 60 
462. 91 

-7.06 

5,293. 64 

5,286.58 

2,691.39 

1,441.76 

The  quantity  of  carbon  dioxid  in  the  air  of  the  chamber  at  the  end 
of  each  experimental  day,  as  shown  by  analyses  of  the  residual  air,  is 
given  in  column  a,  and  the  difference  between  the  quantit}^  on  one  day 
and  that  on  the  preceding  da}^  in  column  h.  In  rest  experiments  the 
variations  for  24-hour  periods  are  usually  very  small,  but  in  work 
experiments,  and  especialh^  during  short  periods,  there  may  be  very 
large  variations.  In  this  particular  experiment  tliere  happenetl  to  be 
simply  a  small  but  a  continual  diminution  in  the  amount  of  carbon 
dioxid  residual  in  the  air  of  the  chamber,  varying  from  2.02  to  2.66 
grams  per  day.  The  total  amount  of  carbon  dioxid  exhaled  by  the 
subject,  which  is  the  algebraic  sum  of  the  quantities  in  columns  h  and  c, 
is  shown  in  column  d. 

For  use  in  the  experiments  the  data  are  expressetl  in  grams,  but  for 
compvitation  of  the  respiratory  quotient,  and  for  discussion  of  the 
ventilation,  the  volume  of  carbon  dioxid  in  liters  is  desirable,  as  given 
in  column  e.    These  figures  were  obtained  b}'  multiplying  those  in 
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column  (I  by  tlie  factor  0.5091,  which  represents  the  ratio  between  the 
weifjht  and  the  vohime  of  carbon  thoxid.  The  (juaiitities  of  carbon  in 
the  carbon  dioxid  exhaled  by  tlie  subject  given  in  column  /',  are 
obtained  by  multiplying  the  figures  in  column  d  by  the  factor  3/11. 
These  data  are  used  in  subse(iuent  calculations  of  gains  or  losses  of 
chemical  elements  and  compounds  by  the  l^ody. 

AMOUNT  OF  OXYGEN  CONSUMED. 

The  amount  of  oxygen  consumed  by  the  subject  is  computed  from 
the  data  regarding  the  amount  admitted  to  the  chamber  and  the 
amount  residual  in  the  air  of  the  chamber.  These  data  for  experi- 
ment No.  56  are  summarized  in  Table  10. 


Table  10. — Daihj  recora  of  oxijgen  in  ventilating  air  currcm.  and  respiratonj  quotients, 
metabolism,  experiment  No.  56. 


Date. 

Oxygen. 

(?) 

Volume 

of 
carbon 
dioxid 
exhaled. 

Respira- 
tory 
quo- 
tients. 

(a) 
Total 
amount 
in 

chamber 
at  end  of 
day. 

Gain  (+ 
(-)  0 
ceding 

(hi 
Volumes 

)  or  loss 
ver  pre- 
day. 

(f) 
Weight, 
6-^0.7. 

(d) 

Amount 
admit- 
ted to 

chamber. 

(e) 
.\mount 
con- 
sumed 
by  sub- 
ject, 
d-c. 

Volume 

con- 
sumed, 
eXO.7. 

1903. 

.Vpr.  27-28  

2H-29  

29-30  

Total,  3  davs 

Liters. 
967.  44 
93(;.  17 
871.  02 

Liters. 

—  4.70 

—  31.27 

—  64.55 

Grams. 

—  6.71 

—  44.67 

—  92.22 

Gravis. 
1.538. 53 
1,607.89 
1,42.5.58 

Grams. 
1,545.  24 
1.6.52.  .56 
1,517.80 

Liters. 
1.081.67 
1,156.79 
1,062.46 

Liters. 
903.  96 
923.  28 
864. 15 

0.836 
.798 
.813 

—100. 52 

-143.60 

4, 572.  00 

4,715. 60 

3, 300. 92 

2,691.39 

.815 

The  amounts  of  oxygen  admitted  to  the  chamber,  given  in  column 
are  determined  from  the  loss  in  weight  of  the  cylinders  containing  the 
oxygen  and  the  analyses  of  the  gases  they  contain.  The  total  amounts 
residual  in  the  chamber  at  the  end  of  each  day,  as  determined  by  vol- 
ume from  the  analyses  of  the  residual  air,  are  given  in  column  a.  The 
A^ariations  in  the  amounts  present  from  day  to  day  are  given  in  liters  in 
column  h  and  in  grams  in  column  c,  the  values  in  the  latter  column 
being  computed  by  dividing  those  in  the  former  column  by  0.7.  The 
algebraic  difference  between  the  values  in  columns  d  and  c  is  the 
amount  consumed  by  the  subject. 

RESPIRATORY  QITOTIENT. 

The  ratio  between  the  volume  of  carbon  (Hoxid  exhaled  and  that  of 
of  oxj'gen  consumed,  wliich  is  commonly  represented  by  the  expres- 
sion C02-^02,  is  the  so-called  respiratory  quotient.  When  pure  car- 
bon is  burned  in  the  air  to  carbon  dioxid  the  volume  of  the  latter 
formed  is  exactly  equal  to  that  of  oxygen  consumed — that  is,  there  is 
no  change  in  the  volume.  When  carbohydrates  are  katabolized  in  the 
body  the  carbon  is  oxidized  to  carbon  dioxid  and  the  hydrogen  to 
water.  Since  the  hj^drogen  and  oxygen  in  the  carbohydrate  molecule 
21482— No.  175—07  5 
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are  in  the  same  proportions  as  in  water,  the  reaction  may  be  con- 
sidered simply  as  a  combustion  of  carbon,  and  the  vohime  of  oxygen 
consumed  is  exactly  the  same  as  that  of  the  carbon  dioxid  given  off — 
that  is,  the  respiratory  quotient  for  carbohydrates  is  1.  In  fats  the 
amount  of  hydrogen  in  the  molecule  is  considerably  greater  than  the 
amount  of  oxygen,  so  that  in  the  combustion  both  carbon  and  hydrogen 
require  oxygen  beyond  that  contained  in  the  molecule.  The  water 
resulting  from  this  combustion  condenses,  and  consequently  the  final 
volume,  that  of  carbon  dioxid,  is  considerably  less  than  that  of  oxygen 
absorbed.  Similarly  when  protein  is  burned  there  is  a  diminution  in 
the  volume  of  carbon  dioxid,  as  compared  with  that  of  oxygen,  result- 
ing from  the  combustion  of  certain  amounts  of  organic  hydrogen  and 
the  liberation  of  nitrogen.  The  respiratory  quotient  for  proteids  is 
not  far  from  0.809,  and  that  for  fats  as  low  as  0.711."  The  average 
respiratory  'quotient  for  an  ordinary  diet,  consisting  of  proteids,  fats, 
and  carbohydrates,  would  be  somewhere  near  0.9. 

The  data  necessary  for  the  computation  of  the  respiratory  quotients 
in  experiment  No.  56  are  also  summarized  in  Table  10.  The  amount 
of  oxj^gen  consumed  by  the  subject,  which  is  expressed  by  weight  in 
column  e,  is  converted  to  volume  in  column  /.  The  figures  for  volume 
of  carbon  dioxid  exhaled,  given  in  column  g,  are  derived  from  column 
e,  in  Table  9.  The  respiratory  quotients  computed  from  these  data  are 
given  in  column  li.  The  average  quotient  for  the  three  days  is  0.815. 
This  is  probably  rather  high  for  a  diet  containing  such  a  large  proportion 
of  fat  as  was  given  in  this  case,  though  there  was  a  considerable  amount 
of  carbohydrates  in  the  diet — about  450  grams  per  day — and  since  the 
respiratory  quotient  for  carbohydrates  is  1 ,  the  effect  of  this  material 
would  be,  of  course,  to  raise  the  respirator}^  quotient  for  the  whole  diet 
considerably  above  that  of  pure  fat. 

AMOUNT  OF  HEAT  ELIMINATED. 

The  data  from  which  the  amount  of  heat  eliminated  by  the  body  is 
determined  are  summarized  for  experiment  No.  56  in  Table  11. 


Table  11. — Summary  of  calorimetric  measurements,  metabolism  experiment  No.  56. 


Date. 

(o) 

Heat 
measured 
in  terms 

C20. 

(0) 

Change 
of  tem- 
perature 
of  calo- 
rimeter. 

(c) 

Capacity 
correc- 
tion of 

calorim- 
eter, 
6X60. 

(d) 

Correc- 
tion due 

to  tem- 
perature 

of  food 
and 

dishes. 

(c) 

Water 
vaporized 

equals 
total  in 
outgoing 
air  plus 

excess 
residual 

vapor. 

(f) 

Heat 
used  in 

vaporiza- 
tion of 
water, 

CX  0.592. 

(9) 

Total 
heat  deter- 
mined, 
a+c+d+f. 

1903. 

Apr.  27  

28  

29  

Total,  3  days  

Calories. 
4,594.50 
4,  fi57.  .59 
4, 443. 16 

Degrees. 
-0.01 
+  .28 
-  .20 

Calories. 
-  0.60 
+16.  80 
-12.00 

Calories. 

-  37.97 

-  42.33 

-  44  33 

Grams. 
1,248.  60 
1, 353.  70 
1,245.00 

Calorics. 
739. 17 
801.  35 
737. 05 

Calories. 
5. 295. 10 
5. 433.  41 
5, 123.  88 

13, 695.  25 

-1-07 

-h  4.20 

-124.63 

3, 847.  30 

2,277.57 

15,852  39 

«  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  136,  p.  170. 
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As  has  been  previously  explained  (p.  35),  the  major  portion  of 
the  heat  given  oft'  by  the  body  of  the  subject  in  the  respiration 
calorimeter  is  absorbed  by  the  water  flowing  through  the  device 
which  has  been  designated  as  the  heat  absorber.  From  the  weight 
of  water  passing  through  the  absorber  and  its  rise  in  temperature 
the  amount  of  heat  removed  from  the  chamber  is  determined.  Since 
the  standard  calorie  used  in  these  investigations  is  that  at  20°, 
the  computation  of  the  amount  of  heat  brought  away  by  the  water 
is  reduced  to  terms  of  calories  at  20°.  To  do  this,  allowance  is  made 
for  the  difference  in  the  specific  heat  of  water  at  different  tempera- 
tures.   The  results  of  these  computations  are  given  in  column  a. 

A  considerable  portion  of  heat  given  off  by  the  subject  is  rendered 
latent  by  the  evaporation  of  water  of  respiration  and  perspiration,  and 
is  carried  out  of  the  chamber  as  latent  heat  of  water  vapor  in  the  air  cur- 
rent. The  amount  of  water  vapor  thus  carried  out  is  shown  in  column 
e,  which  is  derived  from  the  data  in  Table  9.  The  amount  of  heat 
absorbed  in  vaporizing  this  amount  of  water  and  thus  removed  from 
the  chamber  is  ascertained  by  multipljdng  the  quantities  in  column  e 
by  the  factor  0.592,  which  represents  the  amount  of  heat  necessary  to 
vaporize  1  gram  of  water  at  20°.  The  results  of  this  computation 
are  given  in  columnjf". 

In  spite  of  the  greatest  care  on  the  part  of  the  observers  to  regulate 
the  amount  of  heat  brought  away  from  the  chamber  so  that  it  will 
be  exactly  parallel  wiih  that  liberated  by  the  subject,  there  are 
unavoidable  small  fluctuations  in  the  temperature  of  the  calorimeter 
itself,  which  means  that  there  is  a  certain  amount  of  heat  absorbed 
by  the  walls  of  the  chamber  or  radiated  from  them.  These  fluc- 
tuations in  temperature  are  shown  in  column  h,  a  rise  being  indi- 
cated by  a  plus  sign  and  a  fall  by  a  minus  sign.  From  the  results 
of  tests  it  has  been  estimated  that  the  hydrothermal  equivalent  of 
the  mass  of  material  of  which  the  calorimeter  chamber  is  composed 
is  not  far  from  60  calories.  The  absolute  value  is  somewhat  uncer- 
tain, but  it  is  probable  that  for  the  small  temperature  changes  that 
occur  in  these  experiments  the  value  given  is  sufficiently  accurate 
for  all  practical  purposes.  The  fluctviations  in  temperature  given 
in  column  h,  nudtiplied  by  60,  give  the  (juantity  of  heat  in  calories 
for  which  allowance  must  be  made  for  the  heat  gained  or  lost  by 
the  metal  of  the  calorimeter.  This  value,  which  is  known  as  the 
capacity  correction,  is  given  in  column  c. 

Commonly  the  temperature  of  some  items  of  the  diet  sent  into 
the  calorimeter  is  different  from  that  of  the  chamber  itself;  such 
materials  as  drinking  water,  milk,  etc.,  being  invariably  colder,  and 
coffee  or  tea,  meat  extract,  and  the  like,  usually  warmer  than  that 
of  the  chamber.  It  is  therefore  necessary  to  make  allowance  for 
the  amount  of  heat  introduced  or  absorbed  by  the  food  and  drink 
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and  their  containers,  which  is  computed  from  the  difference  in  tem- 
perature at  which  the  material  is  sent  into  the  chamber  and  the 
specific  heat  of  the  substance  introduced.  The  results  of  this  com- 
putation are  given  in  colimm  d. 

The  total  quantity  of  heat  determined,  column  g,  is  the  algebraic 
sum  of  the  results  in  columns  a,  c,  d,  and  /.  Inasmuch  as  any  gain 
or  loss  of  heat  by  the  walls  is  prevented  (with  the  exception  of  the 
small  amount  for  which  allowance  has  been  made  as  explained 
above),  and  the  ingoing  air  is  warmed  or  cooled  to  the  same  tem- 
perature as  that  of  the  outgoing  air,  so  that  gain  or  loss  of  heat  in 
this  way  is  also  prevented,  the  total  heat  determined,  as  expressed 
in  column  g,  may  be  assumed  to  represent  that  actually  eliminated 
by  the  subject  during  the  day.  This  value,  however,  may  or  may 
not  be  the  same  as  that  for  heat  produced  during  the  day.  In 
determining  the  heat  production  it  is  necessary  to  take  into  con- 
sideration fluctuations  in  body  temperature  and  body  weight  and 
changes  in  the  temperature  of  the  bed  and  bedding,  as  elsewhere 
explained.    (Seep.  191.) 

COMPARISON  OF  INCOME  AND  OUTGO  OF  MATERIAL  AND  ENERGY. 

From  the  data  given  in  the  preceding  tables  the  amounts  of 
material  and  energy  received  and  given  off  by  the  body  in  different 
ways  may  be  compared,  and  the  gain  or  loss  by  the  body  estimated. 
Such  a  comparison  is  made  in  the  tables  which  follow.  Inasmuch 
as  the  method  of  estimating  gain  or  loss  of  body  material  differs 
rather  decidedly  from  that  employed  in  experiments  reported  in 
previous  bulletins,  a  somewhat  detailed  explanation  seems  advisable 
here. 

Gain  or  Loss  of  Body  Material. 

The  computation  of  the  amounts  of  materials  gained  or  lost  by 
the  body  for  all  the  experiments  here  reported  is  given  in  detail  in 
Table  118  of  the  Appendix.  For  purposes  of  illustration  in  the 
present  explanation  the  data  for  the  first  day  of  experiment  No. 
56  are  here  tabulated. 
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Table  12. — Gains  and  losses  of  body  material  on  first  day  of  inctabolisvi  experiment  No.  56. 


(a) 
Total 
weight. 

(6) 

1^  I  Li  OgcU. 

(c) 

(d) 
Hydro- 
gen. 

(e) 

(/) 
Ash. 

Income. 

Oxvpi'ii  frmii  air  

Grams. 
1, 545. 24 
1,950.00 
2,935.50 
914. 50 

Grams. 

Grams. 

Grams. 

Grams. 
1,54.5. 24 
1,731.80 

Grams. 

Water  ill  drink  

218.20 
328.48 
76.28 

W  .1  t  1  .  !■   ill    I'j  \i  w  1 

2,607. 02 
290. 13 

.SoUils  in  food  and  drink  

Total  

Outgo. 

Water  in  fpcps  

18.45 

507. 94 

21.70 

7,345.24 

18.45 

507.«4 

622. 96 

6,174.19  21.70 

191.30 
48.40 

1,425.80 
69.80 

3. 702.  27 

21.41 
4. 07 
159. 55 
2. 92 
414.21 

169. 89 
6.63 
1,266.25 
26.90 
3,287. 41 
1,291.36 

Water  in  urine  

1.80 

26.80 

9. 10 

Solids  in  urine  

W)iter  of  resnirii tion  jind  nersnira.t.ion  

14.  31 

*.65 

11.57 

14. 10 

Cjirbnn  dinvid  nf  rpsninit.inn   1.77.'i.fil 

484. 25 

Total  

7,213. 18 

16.76 

522.62  602.16 

6, 048. 44 

23.20 

Gain  (  +  )  or  loss  (  — )  

.\sh  of  protein  gained  

+132.06 
.16 

+1.69 

-14.68 

+20.80 

+  125.75 

-1.50 

Gain.s  and  /o.s.ff.*  nf  hntlp  material. 

Protein  

Fat  

+132.22 

1 

+  10.14 
+  43.82 
-120. 17 
+  199.93 
-  1..50 

+  132.22 

+  1.69 

+  .5.35 
+33. 35 

+  .71 
+  5. 17 
-  7.45 
+22. 37 

+  2.23 
+  5.30 
-  59.36 
+  177.56 

+  .16 

CJlycogen  

-53.36 

Water  

.V.sh  

-1..50 



+  1.69 

-14.66 

+20.80 

+  125.73 

-1.34 

*  Nitrogen  of  perspiration. 


The  income  of  material  to  the  body  eon.sists  of  oxygen  from  the 
air  and  the  water  and  soHds  of  food  and  drink.  The  total  w'eight 
of  oxygen  consumed  by  the  subject  is  obtained  from  column  e  of 
Table  11.  The  quantity  of  water  in  drink  is  obtained  from  the 
record  of  the  amount  of  drinking  water  consumed  during  the  experi- 
ment, shown  in  Table  121  of  the  Appendix.  The  amount  of  water  in 
the  food,  obtained  from  column  h  of  Table  7,  is  the  result  of  chemical 
analyses  of  the  different  food  materials.  The  amount  of  solid 
material  in  the  foods  is  determined  by  deducting  the  weight  of  water 
from  the  total  weight  of  food  as  shown  in  columns  a  and  h  of  Table  7. 

The  outgo  consists  of  the  water  and  solids  of  the  excreta  and  the 
water  and  carbon  dioxid  of  respiration  and  perspiration.  The 
amount  of  water  in  the  feces  and  urine  is  ascertained  from  the  data 
in  Table  7,  and  the  amount  of  solid  material  is  also  derived  from 
the  same  table  as  the  difference  between  the  amount  of  water  and 
the  total  weight  of  material.  The  water  of  respiration  and  perspira- 
tion, as  determined  l^y  means  of  the  respiration  calorimeter,  is  found 
in  column  g  of  Table  8.  The  carbon  dioxid  of  respiration,  likewise 
determined  by  the  respiration  apparatus,  is  given  in  column  d  of 
Table  9.  The  difference  between  the  total  weight  of  income  and 
that  of  outgo  represents  the  total  gain  or  loss  of  material  by  the  body. 
In  the  case  here  used  for  illustration  the  income  was  132.06  grams' 
greater  than  the  outgo. 
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Of  rather  more  importance,  however,  than  the  total  weight  of  mate- 
rial gained  or  lost  is  the  gain  or  loss  of  the  different  elements — nitro- 
gen, carbon,  hydrogen,  oxygen,  and  ash.  (For  convenience  in  these 
computations  the  ash  is  considered  as  an  element.)  The  intake  of 
oxygen  from  the  air  is  directly  determined.  The  quantities  of  hydro- 
gen and  oxygen  in  the  water  of  drink,  food,  feces,  urine,  and  respira- 
tion are  calculated  from  the  chemical  composition  of  water,  and  the 
quantities  of  carbon  and  oxygen  in  the  carbon  dioxid  exhaled  by  the 
subject  are  similarly  computed  from  the  chemical  composition  of 
carbon  dioxid.  The  weight  and  chemical  analyses  of  the  solids  of 
food,  feces,  and  urine  give  directly  the  data  for  computing  the  quan- 
tities of  nitrogen,  carbon,  hydrogen,  and  ash  in  these  different  mate- 
rials. The  sum  of  the  weights  of  these  elements  deducted  from  the 
total  weight  of  material  gives  the  quantity  of  oxygen  by  difference, 
since  it  has  not  yet  been  found  practicable  to  determine  the  oxygen 
directly  in  these  materials.  These  data  are  all  obtained  from  those 
given  in  Tables  7  and  8.  The  nitrogen  attributed  to  water  of  respira- 
tion and  perspiration  is  that  from  the  solid  matter  in  perspiration  as 
determined  by  analysis  of  the  water  in  which  the  underclothing  worn 
b}^  the  subject  is  washed.  It  is  included  here  simply  for  convenience 
in  the  computations.  It  will  be  observed  on  comparing  the  total 
income  of  elements  with  the  total  outgo  in  Table  12  that  there  was  a 
gain  of  1.69  grams  of  nitrogen,  20.80  grams  of  hydrogen,  and  125.75 
grams  erf  oxygen,  and  a  loss  of  14.68  grams  of  carbon  and  1.50  grams 
of  ash.  The  total  gains  and  losses  of  elements  by  the  bod}^  for  each 
of  the  three  days  of  experiment  No.  56  are  summarized  in  Table  13. 


Table  13. — Gains  and  losses  of  elements  to  the  body,  metabolism  experiment  No.  56. 


Date. 

Total 
weight. 

Nitrogen. 

Carbon. 

Hydrogen. 

Oxygen. 

Ash.a 

190.3. 

Apr.  27-28: 

Total  income  

Total  outgo  -  

Gain  (+)  or  loss  (  — )  

Ash  of  protein  gained  

Grams. 
7, 345.  24 
7,213.18 

Grams. 
18.  45 
16  76 

Grams. 
507. 94 
522. 62 

Grams. 
622. 96 
602. 16 

Grams. 
6, 174. 19 
6, 048. 44 

Grams. 
21.70 
23.20 

+132.06 
+  .'  .  16 

+  1.69 

-  14.68 

+20. 80 

+  125.75 

-1.50 

Apr.  28-29: 

Total  income  

Total  outgo  

Gain  {  +  )  or  loss,(-)  

Ash  of  protein  gained  

+132. 22 



7, 50:^.  56 
7, 206.  04 

18. 68 
17.94 

518. 42 
533. 92 

628.41 
600.07 

6,315.05 
6,035.91 

22. 00 
18.  20 

+296.52 
+  .07 

+  .74 

-  15.50 

+28.34 

+  279.14 

+3.80 

Apr.  29-30: 

Total  income  

Total  outgo  

Gain  (+)  or  loss  (-)  

Ash  of  protein  lost  

+296. 59 

7, 427. 80 
6,803.33 

18. 95 
19. 62 

531.00 
503. 67 

634. 97 
568. 45 

6, 220. 48 
5, 693. 49 

22.  40 
18. 10 

+624. 47 
-  .06 

-.67 

+  27.33 

+66.52 

+526.99 

+  4.30 

+624. 41 

lAsh  considered  as  an  element. 
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METHOD  OF  COMPUTING  THE  AMOUNTS  OF  COMPOUNDS  GAINED  OR  LOST  BY  THE  BODY. 

In  the  lower  section  of  Table  12  are  shown  the  amounts  of  protein, 
fat,  carbohydrates,  and  water  gained  or  lost  by  the  body  on  the  first 
day  of  experiment  No.  56,  as  computed  from  the  gains  or  losses  of 
elements.  The  gains  or  losses  of  these  different  compounds  are  com- 
puted by  means  of  formulse  derived  from  the  following  data  regarding 
elementary  composition  of  these  comjxnmds: 


Table  14. — Assumed  percentage  composition  of  body  materials. 


Nitrogen. 

Carbon. 

Hydro- 
gen. 

Oxygen. 

Ash. 

Protein  

Per  cent. 
16.67 

Per  cent. 
52.80 
76. 10 
44.40 

Per  cent. 

7.00 
11.80 

6.20 
11.19 

Per  cent. 
22.00 
12. 10 
49.40 
88.81 

Per  ct. 
1.53 

Fats  

Carbolivdrates  

Water  

As  a  result  of  a  large  number  of  analyses,  Kohler  "  has  found  that 
animal  proteid — i.e.,  water-fi'ee,  fat-free,  and  ash-free  muscle — con- 
tains 1 6.67  per  cent  of  nitrogen.  The  values  for  the  percentages  of  car- 
bon, hydrogen  and  mineral  materials  of  protein  are  derived  from  the 
average  of  a  number  of  analyses  of  animal  proteids  by  different  inves- 
tigators. Doubtless  these  figures  do  not  correspond  with  the  exact 
composition  of  any  particular  animal  ])r()teid,  but  they  probably  are  not 
far  from  the  average  for  body  proteid  in  general.  The  sum  of  these 
proportions  subtracted  from  100  represents  the  percentage  of  oxygen 
by  difference  in  protein.  The  proportions  of  carbon  and  hydrogen 
in  fat  are  those  found  by  Benedict  and  Osterburg  ^  from  a  number 
of  analyses  of  human  fats  made  in  the  laboratory  at  Middletown. 
The  proportion  of  oxygen  was  computed  by  difference.  The  carbo- 
hydrates in  the  body  are  assumed  to  have  the  composition  of  glyco- 
gen. The  chemical  composition  of  water  is,  of  course,  accurately 
known.  It  is  included  in  Table  15  simply  for  the  sake  of  complete- 
ness. 

The  ash  of  protein  may  be  disregarded,  and  the  following  ecpia- 
tions  may  be  derived  from  the  above  data,  letting  p  =  protein,  t  = 
fat,  r  =  carbohydrates,  and  w  =  water,  and  indicating  the  names 
of  the  elements  by  the  initial  letter,  as  is  customary: 

0.1667  2^  =  N 
0.4440  r  -h0.7610  t  +0.52S0  p  =C 
0.11 19  w  +0.0620  r  +0.1  ISO  t  +0.0700  p  =H 
0.8881  w  +0.4940  r  +0.1210  t  +0.2200  p  =0 


a  Ztschr.  Physiol.  Chem.,  31  (1901),  p.  498. 
b  Amer.  Jour.  Physiol.,  4  (1900),  p.  74. 
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The  solution  of  these  equations  in  terms  of  nitrogen,  carbon,  hydro- 
gen, and  oxygen  gives  the  following  formulae : 

Protein  =6.0  N 

Fat  =0.005  C  +9.693  H  -1.221  O  -2.476  N 
Carbohydrates  =2.243  C  -16.613  H  +2.093  O  -2.892  N 
Water=  -  1.248  C  +7.920  H  +0.128  O  +0.460  N 

If  the  quantity  of  each  element  gained  or  lost  b}^  the  body  as 
expressed  in  grams  in  Table  13  is  substituted  in  these  equations  for 
the  corresponding  sign  of  the  element  and  the  indicated  calculations 
are  performed,  the  results  obtained  will  be  the  quantities  of  the  differ- 
ent compounds  gained  or  lost.  These  computations  are  here  illus- 
trated by  use  of  the  data  for  the  first  day  of  experiment  No.  56. 

For  example,  according  to  Table  13,  the  body  gained  1.69  grams  of 
nitrogen  on  the  first  day  of  the  experiment.  This  value  would  there- 
fore be  substituted  for  N  in  the  first  of  the  above  equations  as  follows : 

Protein  =  6  N 

=  6  (  +  1.69) 
=  +10.14 

which  simply  means  that  6  times  the  quantitj^  of  nitrogen  gained  rep- 
resents the  quantity  of  protein  gained. 

In  the  case  of  fats  the  gains  and  losses  of  all  four  elements  must  be 
used  in  the  computation  as  follows: 

Fat=  +0.005  C  +9.693  H  -1.221  0  -2.476  N 

=  +0.005  (-14.68)  +9.693  (+20.80)  -1.221  (+125.75)  -2.476  (+1.69) 
=  -0.073  +201.614  -153-.541  -4.184 

=  +43.82 

For  C  is  substituted  -14.68;  f or  H  +20.80;  f or  O  +125.75,  and  for 
N  +1.69.  Performing  the  indicated  mathematical  operations  gives 
-0.073,  +201.614,  -153.541  and  -4.184  to  be  added  algebraically. 
The  sum  43.82  is  the  number  of  grams  of  fat  gained  or  lost  by  the 
body.  In  this  case  the  sign  is  plus,  indicating  that  there  was  a  gain 
of  fat. 

In  a  similar  way  the  weights  of  the  different  elements  are  substituted 
for  their  signs  in  the  formulae  for  glycogen  and  water  and  the  opera- 
tions performed  give  the  gain  or  loss  of  glycogen  and  water  as  follows : 

Glycogen=    +2.243  C  -16.613  H  +2.093  O  -2.892  N 

=    +2.243  (-14.68)  -16.613  (20.80)  +2.093  (125.75)  -2.892  (1.69) 

=  -32.927  -345.550  +263.195  -4.887 
=  -120.17 

Water     =    -1.248  C  +7.920  H  +0.128  O  +0.460  N 

=    -1.248  (-14.68)  +7.920  (20.80)  -0.128  (125.75)  +0.460  (1.69) 

=  +18.321  +164.736  +16.096  +0.777 
=+199.93 
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The  gains  and  losses  of  protein,  fat,  glycogen,  and  water  as  thus 
computed  from  the  gains  and  losses  of  elements  for  the  first  day  of 
experiment  No.  56  are  shown  in  the  lower  section  of  the  first  column 
of  Table  12.  The  quantities  of  nitrogen,  carbon,  hydrogen,  and 
oxygen  in  these  materials  may  be  then  computed  by  means  of  the 
percentage  composition  given  in  Table  14.  The  sum  of  the  quantities 
of  each  element  thus  computed  should  agree  with  the  difference 
between  the  income  and  outgo  of  the  same  element  shown  in  the 
upper  j)ortion  of  the  table.  It  is  to  be  borne  in  mind,  however,  that 
this  agreement  is  nothing  more  than  a  mathematical  verification  of 
the  accuracy  of  the  results  of  the  computations. 

POSSIBILITIES  OF  ERROR  IN  THE  RESULTS. 

There  are  some  possibilities  of  error  in  the  results  computed 
according  to  the  method  just  described  and  these  should  be  con- 
sidered here,  inasmuch  as  this  is  the  first  detailed  account  of  this 
method  of  computing  the  gains  and  losses  of  body  material  in  the 
metabolism  experiments  with  the  respiration  calorimeter. 

In  the  first  place,  the  four  formula;  are  derived  from  the  values  for 
percentage  composition  of  compounds  supposed  to  represent  the  pro- 
tein, fat,  carbohydrates,  and  water  of  the  body.  The  composition 
of  water  is,  of  course,  accurately  known,  and  the  values  used  for  the 
other  compounds  probably  represent  fairly  well  the  average  composi- 
tion of  these  as  they  occur  in  the  body,  though  it  is  to  be  remembered 
that  they  are  approximate  and  not  absolute.  The  coefficients  of  the 
different  quantities  in  the  formulae  are  therefore  reasonably  satis- 
factory, though  subject  to  revision  as  knowledge  regarding  the  nature 
of  the  body  compounds  accumulates. 

In  the  second  place,  it  is  necessary  to  substitute  in  the  formulae 
certain  values  for  the  gains  and  losses  of  the  elements,  nitrogen, 
carbon,  hydrogen,  and  oxygen,  which  are  determined  in  part  directly 
from  the  analyses  of  the  food,  feces  and  urine,  and  respiratory  products, 
and  in  part  indirecth^,  as  in  the  case  of  the  estimation  of  the  amount 
of  oxygen  in  the  compounds  of  the  food  and  excreta.  Of  these  deter- 
minations that  of  nitrogen  is  perhaps  the  most  accurate.  The  errors 
affecting  that  of  carbon  and  hydrogen  have  been  in  large  part  elim- 
inated, although  it  is  a  well-known  fact  that  the  method  followed  in 
the  determination  of  organic  hydrogen  almost  invariably  gives  results 
that  are  somewhat  too  high  rather  than  too  low.  Fiu'thermore, 
since  the  majority  of  these  determinations  are  made  with  partially 
dried  samples,  there  is  another  possibility  of  error  in  the  determination 
of  the  amount  of  water  present  in  the  partially  dried  material.  The 
percentage  of  carbon  is  not  affected  by  inaccuracy  in  this  determi- 
nation, but  to  ascertain  the  quantity  of  organic  hydrogen  it  is  essen- 
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tial  to  know  the  exact  amount  of  preformed  water  present.  The 
difficulties  attending  the  determination  of  the  amount  of  water  in 
compounds  dealt  Avith  in  experiments  of  this  kind  have  been  men- 
tioned on  page  46. 

In  the  different  formulae  for  computing  the  gains  or  losses  of  body 
materials,  the  highest  coefficient  for  carbon  is  2.243,  the  highest  for 
oxygen,  2.093,  while  for  organic  hydrogen  the  highest  is  16.613  and 
the  lowest,  7.920.  In  other  words,  any  error  in  the  determination 
of  organic  hydrogen  is  multiplied  by  a  large  factor,  thus  necessitating 
unusual  accurac}"  in  the  determination  of  this  element.  It  is  perhaps 
fortunate  that  in  the  computation  of  the  gains  or  losses  of  material 
an  error  in  the  organic  hydrogen  results  in  an  increased  value  in  the 
case  of  fat  and  water,  and  a  diminished  value  in  the  case  of  carbo- 
hydrates. This  tendency  toward  compensation  undoubted^  dimin- 
ishes to  a  certain  extent  the  final  effect  of  an  error  in  the  hydrogen 
determination,  but  the  results  obtained  by  use  of  these  formulae  for 
computing  the  gains  or  losses  of  body  material  are  open  to  criticism. 

With  advance  in  experimental  methods  and  additional  knowledge 
of  the  exact  nature  of  the  materials  of  which  the  body  is  composed, 
it  may  be  possible  to  eliminate  still  further  the  errors  in  these  com- 
putations. However,  they  represent  the  most  accurate  method  of 
estimating  the  gains  or  losses  of  the  four  compounds — protein,  fat, 
carbohydrates,  and  water — that,  so  far  as  we  are  aware,  has  as  yet 
been  suggested.  * 

AMOUNTS  OP  BODY  MATERIAL  GAINED  OR  LOST. 

The  amounts  of  the  dift'erent  compounds  gained  or  lost  by  the 
body  in  all  three  da3^s  of  experiment  No.  56,  as  computed  from  the  gains 
or  losses  of  elements  in  the  manner  just  explained,  are  shoA\ai  in 
Table  15.  For  convenience  in  later  calculations,  the  results  of  these 
computations  have  been  given  to  the  second  decimal  place,  both  here 
and  in  the  corresponding  tables  of  the  experiments  reported  bcA^ond. 
From  what  has  been  explained  above  regarding  the  possible  error 
in  the  determination  of  organic  hydrogen,  the  second  decimal  place 
seems  not  significant;  indeed  it  is  probable  that  the  first  is  without 
value.  In  the  mathematical  verification  of  the  results,  however,  the 
second  decimal  places  are  of  service. 
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Table  15. — Gains  and  losses  of  compounds  to  the  body,  metabolism  experiment  No.  56. 


Date. 


1903, 

Apr.  27-28  

28-  29  

29-  30  

Total, 3  days  

Average  per  day  


J.  nj\,\:ni- 

Fat. 

Car- 
drates. 

AVater. 

Grams. 
+  10. 14 
+  4^44 
-  4.02 

Grams. 
+43. 82 
-68^04 
+  3.12 

Grams. 
—  120. 17 
+  76! 52 
+  61.14 

Grams. 
+    199. 93 
+    279!  87 
+    559. 87 

+  10.56 

-21.10 

+  17.49 

+  1,039.67 

+  3.52 

-  7.03 

+  5.83 

+    346.  ,56 

DMrinj?  this  experiment  there  was  an  average  gain  hy  the  body  of 
3.52  grams  of  protein,  5.83  grams  of  carbohydrates,  and  346.56  grams 
of  water  per  day,  with  a  loss  of  7.03  grams  of  fat.  These  resuhs 
show  a  fairly  uniform  body  condition  at  the  beginning  and  end  of 
each  experiment — that  is,  iio  decided  gain  or  less.  The  results  for 
the  individual  days,  however,  indicate  that  there  were  marked  fluc- 
tuations in  the  amounts  gained  or  lost  for  the  daily  periods.  There 
was  a  decided  gain  of  protein  on  the  first  day,  which  fell  ofl'  on  the 
second  day  and  culminated  in  a  loss  on  the  third  day.  With  fat 
there  was  a  gain  on  the  first  day,  a  loss  on  the  second  day,  and  approx- 
imately fat  equilibrium  on  the  third  day.  In  the  case  of  carbohydrates 
the  large  loss  on  the  first  day  was  followed  by  considerable  gains  on 
the  second  and  third  days. 

Int.\ke  .\ni>  Oittput  of  Energy. 

Energy  is  taken  into  the  body  in  the  food  and  is  given  off  as  heat 
radiated  from  the  body,  latent  heat  of  vaporization  of  water,  and 
potential  energy  of  the  unoxidized  materials  of  feces  and  urine. 
When  such  intake  and  output  are  equal,  the  body  may  be  said  to  be 
in  energy  equilibrium.  As  a  matter  of  fact,  such  a  condition  rarely 
occurs,  but  because  of  variations  in  muscular  activity,  by  which  the 
heat  output  is  so  largely  affected,  the  body  is  drawing  upon  its  previ- 
ously stored  material  at  one  time  and  adding  to  it  at  another,  accord- 
ing to  whether  the  energy  of  the  food  is  insufficient  or  excessive  under 
the  given  conditions.  It  will  suffice  better  for  the  purpose  of  the 
present  discussion,  therefore,  and  also  be  more  concordant  with  the 
previous  established  custom  in  connection  with  these  experiments, 
to  consider  the  income  of  energy  as  the  energy  from,  material  actually 
katabolized  in  the  body,  including  both  food  and  body  material. 

The  outgo  of  energy  is  that  given  ofl^  by  the  body  as  heat  and 
external  muscular  work,  which  in  these  experiments  is  also  measured 
in  terms  of  heat,  the  total  output  being  therefore  the  amount  of 
energy  (heat)  actually  measured  by  the  respiration  calorimeter.  A 
comparison  of  the  income  and  outgo  of  energy  on  the  several  days  of 
experiment  No.  56  is  shown  in  Table  16. 
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Table  16. — Income  and  outgo  of  energy,  metabolism  experiment  No.  66. 


Date. 

Heat  of  combus- 
tion of  food  and 
excreta  as  de- 
termined by  use 
of  bomb  calo- 
rimieter. 

id) 
p 

MS 
o  1 

'^■6 

cS  O 
n2  O 
OS-" 
> 

Heat  of  combus- 
tion  of  body 
material  gained 
(+)  or  lost  (— ) 
as  calculated  by 
use  of  factors.* 

hil;il  energy  from  body 
material  gained  (+)  or  "3 
1    lost  (-),  e+f+g. 

Estimated  energy  fi-om 
material  oxidized  in  the  3 
body,  d—h. 

Heat  measured  by  the  res- 
piration  calorimeter.  ^ 

Heat 
measured 
greater  (+) 
or  less  (— ) 
than  heat 
estimated. 

(o) 

■d 

o 
o 

(6) 

M 
(D 

0) 

ic) 
c 

'S 
p 

£ 

(/) 

+5 

c3 

(?) 
o 

(?) 

< 

(m) 

a 
o 

+3  , . 
O  .1. 

1903. 

Apr.  27  

28 

29  

Total,  3  days.. 

Average  pe. 
day  

Cals. 
5, 548 
5,549 
5,599 

Cals. 
309 
309 
309 

Cals. 
147 
130 
138 

CaZs. 
5,092 
5, 110 
5, 152 

Cals. 
+  57 
+25 
-23 

Cals. 
+418 
-649 
+  30 

Cals. 
-504 
+321 
+25C 

Cals. 
-  29 
-303 
+263 

Cals. 
5, 121 
5, 413 
4,889 

Cals. 
5, 295 
5,433 
5, 124 

Cals. 
+  174 
+  20 
+235 

P.ct. 
+3.3 
+  .4 
+  4.6 

16, 696 

927 

415 

15,354 

+  59 

-201 

+  73 

-  69 

15,423 

15, 852 

+429 

5, 565 

309 

138 

5,118 

+20 

-  67 

+  24 

-  23 

5, 141 

5,284 

+  143 

+2.7 

*  Protein  5.65,  fat  9.54,  and  glycogen  4.19  calories  per  gram. 


Since  not  all  the  food  is  oxidized,  a  considerable  amount  of  incom- 
pletely oxidized  material  being  excreted,  the  available  energy  fi-om 
the  food  may  be  considered  as  the  potential  energy  of  the  total  food 
ingested,  less  that  of  the  solid  material  of  the  feces  and  urine  excreted. 
The  potential  energy  of  the  food  and  excretory  products,  as  actually 
d'etermined  by  means  of  the  bomb  calorimeter,  is  shown  in  columns 
a,  h,  and  c,  and  the  available  energ}^  of  the  food  in  column  d.  Thus, 
on  the  first  day  of  experiment  No.  56,  the  total  potential  energy  of  the 
food  was  5,548  calories,  and  that  of  the  excreta  was  456  calories, 
leaving  5,092  calories  as  the  amount  of  energy  actually  available  from 
the  food. 

This  amount  of  energy  may  have  been  larger  or  smaller  than  that 
expended  by  the  body,  the  difference  being  the  energy  of  material 
gained  or  lost  by  the  body.  From  the  amounts  of  protein,  fat,  and 
carbohydrate  gained  or  lost  by  the  body,  as  shown  in  Table  15,  the 
amount  of  energy  thus  gained  or  lost  is  computed  by  means  of  certain 
factors  which  have  been  assumed  for  the  heat  of  combustion  per  gram 
of  the  particular  body  material  as  a  result  of  a  large  number  of  the 
heats  of  combustion  of  proteids,  fats,  and  glycogen.  The  heat  of 
combustion  of  protein,  5.65  calories  per  gram,  is  that  of  fat-free 
muscular  tissue  from  which  the  nonproteid  nitrogenous  compounds 
have  not  been  removed.  Several  determinations  of  the  heat  of  com- 
bustion of  fat  from  the  human  body  have  been  made  in  this  labora- 
tory; an  average  of  the  results  shoAvs  that  each  gram  of  fat  liberates 
approximately  9.54  calories  of  heat  when  oxidized.  The  heat  of  com- 
bustion of  glycogen  has  been  determined  to  be  4.19  calories  per  gram. 
The  quantities  of  energy  in  the  protein,  fat,  and  carbohj'drate  gained 
or  lost  by  the  body,  as  computed  by  means  of  these  factors,  are  shown 
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in  columns  e,f,  and  g,  and  their  alo;ol)raic  sum,  representing  the  total 
energy  from  bod}'^  material  gained  or  lost,  in  column  Ji.  On  the  first 
day  of  experiment  No.  56  the  body  gained  protein  enough  to  supply 
57  calories  and  fat  enough  to  supply  418  calories,  but  it  lost  glycogen 
enough  to  supply  504  calories.  The  total  amount  of  energy  from 
body  material  lost  was  therefore  29  calories  greater  than  that  from 
material  gained.  Since  this  quantity  is  subtracted  algebraically 
from  that  in  column  d,  it  is  actually  added,  and  the  total  energy  from 
material  oxidized  in  the  body  is  larger  than  that  available  from  the 
food.  The  quantity  of  energy  in  column  subtracted  algebraically 
from  that  in  column  d,  gives  the  amount  of  energy  estimated  to  have 
been  derived  from  material  actually  oxidized  in  the  body,  as  shown  in 
column  i.  The  heat  measured  by  the  respiration  calorimeter,  given 
in  column  k,  should  agree  with  the  quantity  in  column  i.  The  actual 
differences  between  these  two  sets  of  figures  are  given  in  column  I,  and 
the  percentage  difference  in  the  last  column  of  the  table.  In  this  par- 
ticular experiment  the  proportionate  difference  ranged  from  0.4  per 
cent  to  4.6  per  cent,  the  average  difference  for  the  three  days  being  2.7 
per  cent.  The  large  error  in  this  case  is  exceptional.  The  average 
error  of  2.7  per  cent  is  not  indeed  of  great  magnitude  in  a  physiological 
experiment,  but  it  is  larger  than  has  seemed  desirable  in  these  investi- 
gations with  the  calorimeter.  Since  this  was  the  first  experiment  with 
the  apparatus  in  its  revised  form,  some  discrepancy  was  not  altogether 
unexpected,  but  it  was  believed  that  with  improvements  in  methods 
and  technique  an  agreement  between  the  measured  energy  and  that 
estimated  to  have  been  expended  by  the  bod}^  would  be  closer  than 
that  found  in  this  case. 

METABOLISM  EXPERIMENT  NO.  57. 

It  was  found  impracticable  to  follow  experiment  No.  56,  in  which 
the  subject  was  given  a  fat  diet,  immediately  by  experiment  No.  57, 
with  a  carbohydrate  diet.  An  interval  of  three  da^^s  elapsed  between 
the  end  of  the  former  experiment  and  the  customary  preliminary  diges- 
tion period  of  four  days,  which  began  with  breakfast  of  May  3,  1903. 
The  subject  entered  the  respiration  chamber  at  10  p.  m.  of  the  evening 
of  May  6,  and  experiment  No.  57  began  at  7  a.  m.  the  following  morn- 
ing, continuing  until  7  a.  m.  of  May  9. 

As  the  subject  had  but  shortly  before  finished  experiment  No.  56,  he 
was  in  training  so  far  as  riding  on  the  bicycle  ergometer  was  concerned, 
and  during  both  the  preliminary  digestion  experiment  and  the  metab- 
olism experiment  proper  he  rode  the  ergometer  for  about  6  hours 
and  30  minutes  per  day. 

Inasnmch  as  this  experiment  was  intended  to  be  a  duplicate  of 
experiment  No.  53  of  the  preceding  year,  the  diet  was  so  arranged  as  to 
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include  practically  the  same  materials  in  similar  proportions  as  used  in 
that  experiment.  Some  fat  was  unavoidable  in  the  diet,  since  it  was 
necessary  to  include  a  considerable  volume  of  milk  in  order  to  render 
the  rather  dry  ration  more  palatable,  but  the  amoimt  of  fat  was  pur- 
posely kept  at  a  minimum,  about  85  grams  per  day.  A  large  quantity 
of  carbohj'drates,  averaging  a  little  over  1,000  grams  per  day,  was  used 
to  supply  energ}'  for  muscular  work,  which  in  experiment  No.  56  had 
been  largely  derived  from  fat.  The  use  of  milk  sugar,  which  had  pre- 
vioush'  been  tried  with  considerable  success  in  experiments  of  this 
nature,  was  here  continued,  the  diet  containing  100  grams  per  day. 
The  fact  that  milk  sugar  is  not  quite  as  sweet  as  cane  sugar  seemed  to 
make  it  somewhat  better  relished  by  the  subjects.  During  this  experi- 
ment the  subject  experienced  no  difficult}'  in  consuming  all  of  the 
ration. 

The  total  energ}'  of  the  ration  amounted  to  about  5,500  calories,  of 
which  the  carbohydrates  furnished  about  4,000,  or  nearly  80  per  cent 
of  the  total.  The  carbohydrate  diet  therefore  more  nearly  represents 
a  ration  consisting  of  but  one  nutrient  than  did  the  fat  diet  of  experi- 
ment No.  56,  since  ia  that  case  not  over  60  per  cent  of  the  total  energ}^ 
of  that  diet  could  be  administered  in  fat. 

Daily  programme. — The  importance  of  having  the  muscular  activity 
alHce  during  both  experiments  was  such  as  to  cause  all  precautions  to 
be  taken  not  only  to  equalize  as  nearly  as  possible  the  activity*  on  the 
different  days  of  the  experiment,  but  also  to  approximate  as  closely 
as  possible  the  conditions  of  experiment  No.  56.  The  programme 
was  therefore  exactly  that  given  for  experiment  Xo.  56  on  page  57. 

TTie  composition  of  food,  feces,  and  urine. — The  percentage  composi- 
tion and  the  heat  of  combustion  per  gram  of  the  food,  feces,  and  urine 
of  experiment  No  57  are  given  in  Table  17- 

Table  17. — Percentage  composition  arut  heat  of  combustion  per  gram  of  food,  feces,  and 
urine,  metabolism  experiment  No.  57. 


Labo- 
ratory 
No. 


Kind  of  material. 


Water. 


Pro- 
tein. 


Fat. 


I  Carbo- 
'  hy- 
drates. 


Ash. 


Nitro- 
gen, 


Car- 
bon. 


Hydro- 
gen. 


3637 
3638 
3648 
3649 
3655 
3650 


3652 
3654 


Ginger  snaps  

Shredded  wheat  

Graham  crackers . . . 

Bread  

Cereal  coffee  

Butter  

Milk  sugar  (>  

Cane  sugars  

MilV  i>  

Feces  

Urine,  first  day  * . . . 
Urine,  second  day  6. 
Urine,  third  day  6. . 


I  Per  ct. 
7.5 
8.2 
5.9 
42.2 
99.4 
9.4 
5.1 


Per  ct 
5.2 
9.7 
6.5 
7.  7 
.1 
1.2 


Per  ct.]  Per  ct. 


9.0 
1.7 
9.2 
1.3 


85.9 


85.6 
85.1 
94.2 
94.2 
94.2 


3.8 
5.2 


4.5 
2.0 


75.9 
78.8 
76.2 
47.8 
.5 

"'94.'9' 
100.0 
5.3 
5.5 


Per  ct. 

Perct 

2.4 

0. 91 

1.6 

1.70 

2.2 

1. 14 

1.0 

1. 35 

a. 01 

3.5 

.17 

.8 

.61 

2.2 

.83 

1.3 

1.33 

1.3 

1.79 

1.3 

1.85 

Perct 
42.41 
41.32 
4.3.06 
26.28 
a .  47 
64.45 
40. 00 
42. 10 
7.83 
7. 21 
1.08 
1.45 
1.50 


Per  cl. 
6.14 
5.65 
6.29 
3.90 
a.  07 
10.03 
6.15 
6.48 
1.19 
.99 
.29 
.38 
.39 


a  Estimated  from  previous  analyses. 


t>  See  explanation  on  p.  79. 
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The  chemical  composition  of  the  milk  sugar  was  computed  from 
the  molecular  weight,  including  one  molecule,  or  5.1  per  cent,  of  water 
of  constitution.  Cane  sugar  was  assumed  to  })e  100  per  cent  carbo- 
hydrates. There  are  slight  impurities  in  the  best  grades  of  commer- 
cial cane  sugar,  such  as  small  quantities  of  nitrogen  and  ash,  and 
there  is  furthermore  a  tendency  toward  a  retention  of  hygroscopic 
water,  but  we  have  been  accustomed  to  assume  that  both  milk  and 
cane  sugars  have  compositions  represented  by  their  molecular  for- 
mula, because  the  errors  in  such  assumption  are  all  within  the  limit 
of  error  in  physiological  experimenting. 

Milk  from  two  lots  was  used  each  day,  that  delivered  at  the  labo- 
ratory in  the  morning  being  used  at  dinner  and  supper  of  the  same 
day  and  at  breakfast  of  the  next  day,  thus  making  four  lots  of  milk 
for  the  three  days.  The  heat  of  combustion  was  determined  for  each 
lot,  but  a  composite  sample  containing  an  aliquot  portion  of  each 
was  used  for  the  chemical  analysis. 

The  proportion  of  nitrogen  and  the  heat  of  combustion  per  gram 
of  the  urine  were  determined  each  day;  the  proportions  of  carbon 
and  hydrogen  were  determined  in  a  composite  sample  for  three  days, 
and  apportioned  among  the  different  days  in  accordance  with  the 
elimination  of  nitrogen.  This  was  not  done  in  the  case  of  water,  con- 
sequently there  is  a  slight  but  insignificant  error  in  the  water  data 
of  the  uruie  for  the  separate  days. 

The  weights  of  the  different  food  materials  consumed,  and  the 
quantities  of  compounds,  elements,  and  energy  supplied  by  them 
are  shown  in  Table  IS,  and  the  corresponding  data  for  the  feces  and 
urine  are  included  in  the  same  table. 


T.\BLE  18. —  Total  daily  v'(  i(/ht,  cmnposition,  and  heal  of  combustion  of  food.f<as.and 
urine,  metabolism  experiment  No.  57. 


ratory 
No. 

Kind  of  material. 

Total  weight .  g 

(6) 

U 

cu 
■H 

Water-free  substance. 

(e) 

'5 

+j 
o 

Ph 

(d) 
*^ 

Carbohydrates,  g 

(/) 
si 

X 

< 

Nitrogen.  g 

(A) 

c 
o 

% 

O 

(i)    1  (t) 
•S 

s;  o 

M  eg 

O      ,    ^  u 
t-      !   W)  QJ 

•a 

>■  X 

s  o 

Heat  of  com-  g 
bustion. 

Food. 

Basal  ration. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms.  Gms. 

Cats. 

.■i()49 

550.0 

232.1 

42.  i 

7.1 

262.9 

5.5 

7.43 

144.  54 

21.45  138.98 

1,437 

3ti37 

(linger  snaps  

85.0 

6.4 

4.4 

7.7 

64.5 

2.0 

.77 

36. 05 

5.22  34.  .56 

361 

.3ti38 

Shredded  wheat  

120.0 

9.9 

11.6 

2.0 

94.6 

1.9 

2. 04 

49.  .58 

6.78  49.80 

483 

.■5t)48 

(iraham  crackers. . . 

100.0 

5.9 

6,5 

9.2 

76.2 

2.2 

1.14 

43.06 

6.29  41.41 

437 

Milk  sugar  

100.0 

5.1 

94.9 

40.00 

6.15  48.75 

372 

3655 

1,200.0 

1,192.8 

1.2 

6.0 

.12 

5.  64 

.84  .60 

31 

Total  basal  ra- 
tion   

2, 155. 0 

1,452.2 

66.1 

26.0 

599.1 

11.6 

11.50 

318. 87 

1 

46. 73  314  10 

3,121 

80 


Table  18. — Total  daily  weight,  composition,  and  heat  of  combustion  of  food,  feces,  and 
urine,  meiabolisvi  experiment  No.  57 — Continued. 


Labo- 
ratory 
No. 

Kiiid  of  material. 

Total  weight.  g 

(6) 

Water-free  substance. 

(c) 

o 
u 

id) 

C3 

(e) 

■a 

>, 

o 
t-< 

o3 
O 

(/) 

< 

(?) 

a 
f 

60 

0 
g 

(ft) 

a 
0 

(i) 

d 

0 

">> 
W 

m 

■3 
>:.6 
■°  S 

i  s 

X 

0 

(') 

s 

8  c. 

0 

c3 

3650 
3652 

3650 
3652 

3654 

Food — Continued: 

Supplemental  ration. 

First  day: 
Butter  

Gms. 

20.0 
1,000.0 
350.0 

Gms. 

1.9 
856  0 

Gms. 
.2 
38, 0 

Gttis. 
17.2 
45  0 

Gms. 

Gms. 
.7 
8  0 

Gms. 
.03 
6. 10 

Gms. 
12.89 
78  30 
147. 35 

Gms. 
2  01 
11  90 
22.68 

Gms. 
2.47 
39. 70 
179. 97 

Cals. 
158 
877 

1,386 

Milk  

Cane  sugar  

53.0 
350.0 

Total  ration  

Second  and  third 
days,  each: 
Butter  

3, 525. 0 

2,310  1 

.  9 
941.6 

104  3 

.  1 
41. 8 

88  2 

8  6 
49.5 

1,002.1 

20.3 

17.63 

557.41 

83.32 

536. 24 

5, 542 

10.0 
1.100.0 
345.0 

.4 

8. 8 

.02 

6. 71 

6.45 
86. 13 
145. 25 

1. 00 
13.09 
22. 36 

1.23 
43. 67 

177.  39 

79 
963 
1,366 

Milk  

Cane  sugar  

Total  ration  

Excreta. 

Total  feces  for  3 
days   

Average  per 
day  

Urine,  May  7-8  

58.3 
345.0 

3,610.0 

2,394,7 

108  0 

84.1 

1,002.4 

20.8 

18  23 

566. 70 

83. 18 

536. 39 

5,524 

1,052.  4 

895.6 

54.7 

1 

21. 0^     57. 9 

23.2 

8.73 

75.88 

10.42 

38.57 

805 

350.8 

298.5 

18.2 

7.0,  19.3 

7.7 

2. 91 

25. 29 

3.47 

12.86 

268 

989.5 
837.  6 
856.1 

932  2 
789, 1 
806.5 

12. 7 1  1.3.21 
10  7'  14,99 
11.0^  15  80 

10. 71 

12.16 
12. 82 

2.82 
3  20 
3. 37 

17.88 
7.43 
6.62 

121 
127 
135 

Urine,  May  8-9  

Urine,  May  9-10 

1 

Total  urine  for 
3  days  

! 

2,683.2  2,527.8 

1 

34.  4I  44.00 

1 

35.69 

9.39 

31.93 

383 

The  diet  consisted  of  a  basal  ration,  furnishing  66.1  grams  of  pro- 
tein and  3,121  calories  of  energ}',  which  was  uniform  on  all  tliree  days, 
and  a  supplemental  ration  of  butter,  milk,  and  cane  sugar,  which 
increased  the  total  ration  to  104  grams  of  protein  and  5,542  calories 
of  energ}^  on  the  first  day  and  108  grams  of  protein  and  5,524  calories 
of  energy  on  each  of  the  other  two  days.  The  variation  in  the  total 
ration  was  due  to  an  appreciable  difference  in  the  composition  of  the 
milk. 

Water  eliminated. — The  total  water  of  respiration  and  perspiration 
is  given  in  Table  19. 
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Table  19. — Daily  record  of  water  of  respiration  and  persjnraiion,  metabolism  experi- 
ment No.  .57. 


Date. 

(a) 
Total 
amount 
of  vapor 
in  cham- 
ber at 
end  of 
day. 

(6) 

Gain  (+) 
or  loss 
(— )  over 
preced- 
ing day. 

(c) 

Change  in 
weight  of 

absorbers, 
gain  (  +  ) 
loss  (—  ). 

(d) 

Amount 
in  under- 
clothes.* 

(e) 
Total 
amount 
gained  (+  i 
or  lost  ( —  j 
during  day, 
b+c+d. 

in 

Total 
amount 
in  out- 
going air. 

(?) 
Total 
water  of 
respiration 
and  per- 
spiration,* 
e+f. 

1903. 

May  7-8  

8-  9  

9-  10  

Total,  3  days  

Grams. 
61.27 
58. 35 
57.52 

Grams. 
+6.75 
-2.92 
-0.83 

Grams. 
+2, 482. 20 
+2,510.40 
+2,  423. 20 

Grams. 
142. 00 
160. 30 
123. 80 

Grains. 
2, 630. 95 
2, 607. 78 
2,546. 17 

Grams. 
1,263.81 
1,. 523. 69 
1,486.61 

Grams. 
3,894.76 
4,191.47 
4,032.  78 

+3.00 

+7,415.80 

426. 10 

7, 844. 90 

4,274.11 

12,119.01 

♦Including  solids  of  perspiration.   See  explanation, p. 63. 


The  total  amount  of  water  eliminated  was  approximately  the  same 
on  each  of  the  three  days,  ranging  from  .3,894  grams  on  the  first  day  to 
4,191  grams  on  the  second  day.  No  allowance  is  made,  however,  in 
this  experiment  for  alterations  in  weight  of  the  bed  and  bedding,  as 
such  data  were  not  available  until  after  the  new  weighing  device  was 
installed,  at  a  later  date. 

Carbon  dioxid  eliminated. — The  total  weight  and  volume  of  the  car- 
bon dioxid  exhaled  by  the  subject,  as  well  as  the  carbon  therein,  are 
given  in  Table  20. 

Table  20. — Daily  record  of  carbon  dio.rid  in  ventilating  air  current,  metabolism  experi- 
ment No.  57. 


Date. 

Carbon  dioxid. 

■  (/) 

Carbon  in 
carbon 
dioxid 
exhaled. 

(a) 
Total 
amount 
in  cham- 
ber at  end 
of  day. 

(6) 

Gain  (+) 
or  loss  (  — ) 

over  pre- 
ceding day. 

(c) 
Total 
amount 
absorbed 
from  out- 
coming  air. 

(d) 
Amount 
exhaled 
by  subject. 
b+c. 

(e) 
Volume 
exhaled 
by  sub- 
ject, 
d  X0.5091. 

1903. 

May  7-8  

8-  9  

9-  10  

Total,  3  days  

Grams. 
50.94 
28. 15 
28.  79 

Grams. 
+  11.99 
-22.79 
+  .04 

Grams. 
2,080.89 
2,011.59 
1, 952. 37 

Grams. 
2,092.88 
1,988.80 
1,953.01 

Liters. 
1,065.50 
1,012.50 
994. 28 

Grams. 
570. 79 
542. 39 
532. 63 

-10. 16 

6,044.85 

6,034.69 

3,072.28 

1, 645. 81 

The  total  amount  of  carbon  dioxid  exhaled  ranged  from  2,092  grams 
on  the  first  day  to  1,95.3  grams  on  the  third  day. 
21482— No.  17.5—07  6 
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Oxygen  consumed. — The  quantities  of  oxygen  derived  by  the  subject 
from  the  ventilating  air  current,  and  the  respiratory  quotients,  are 
given  in  Table  21. 


Table  21. — Daily  record  of  oxygen  in  ventilating  air  current  and  respiratory  gtioticnts, 
metabolism  experiment  No.  67. 


Date. 

Oxygen. 

ig) 

Volume 

of 
dioxid 
exhaled. 

(h) 

lles- 
pira- 
tory 
quo- 
tients, 

(a) 
Total 
amount 
in  cham- 
ber at 
end  of 
day. 

Gain  (+ 
(-)  ov 
coding 

(6) 
Volume. 

)  or  loss 
er  pre- 
day. 

(c) 
Weight, 
6  H-0.7. 

id) 

Amount 
admit- 
ted to 
cham- 
ber. 

ie) 

Amount 
con- 
sumed 
by  sub- 
ject, d—c. 

if) 

Volume 

con- 
sumed, 
eXO.7. 

1903. 

May  7-8  

8-  9  

9-  10  

Total,  3  days  

Liters. 
990. 95 
923. 22 
878. 28 

Liters. 

-  34.31 

-  67.73 

-  44.94 

Grams. 

-  49.01 

-  96.76 

-  64.20 

Grams. 
1, 559. 75 
1,466.07 
1, 492. 59 

Grams. 
1,608.76 
1, 562. 83 
1, 556. 79 

Liters. 
1, 126. 10 
1,094.00 
1,089.80 

Liters. 
1,065.50 
1,012.50 
994. 28 

0.946 
.926 
.912 

-146.98 

-209. 97 

4, 518. 41 

4, 728. 38 

3,309.90 

3,072.28 

The  amount  of  oxygen  used  by  the  subject  was  large,  and  there  was 
a  not  inconsiderable  amount  withdrawn  from  the  chamber,  since 
there  was  a  steady  loss  in  the  residual  oxygen  from  day  to  day.  The 
largest  amount  of  oxygen  consumed  by  the  subject  was  on  the  first 
day,  1,608  grams,  and  the  smallest  amount  on  the  last  day,  1,556 
grams.  This  corresponds  to  the  fluctuations  in  the  carbon  dioxid 
exhaled,  as  "noted  in  the  previous  table.  The  respiratory  quotients 
vary  from  0.946  on  the  first  day  to  0.912  on  the  third  day. 

Calorimetric  measurements. — The  calorimetric  measurements  show- 
ing the  elimination  of  heat  by  the  subject,  which  are  given  in  detail 
in  Table  116  in  the  Appendix,  are  summarized  in  Table  22. 


Table  22. — Summary  of  calorimetric  measurements,  metabolism  experiment  No.  57. 


Date. 

ia) 

Heat 
measured 
in  terms 
C20. 

(6) 

Change 
of  tem- 
perature 
of  calo- 
rimeter. 

ic) 

Capacity 
correc- 
tion of 
calori- 
meter, 
6X60. 

id) 

Correc- 
tion due 
to  tem- 
perature 
of  food 

and 
dishes. 

(€) 

Water  va- 
porized 
equals 
total  in  out 
going  air 
plus  excess 
residual 
vapor. 

(/) 

Heat  used 
in  vapori- 
zation of 
water, 
eXO.592. 

ig) 

Total 
heat  de- 
termined, 
a+(  +  d 
+/• 

1903. 

May  7  

8  

9  

Total,  3  days  

Calories. 
4, 896.  48 
4, 495.  52 
4. 502.  39 

Degrees. 
-0. 26 
+  .40 
-  .03 

Calories. 
-15.60 
+24. 00 

-  1,80 

Calories. 

-  50.70 

-  42.  10 

-  36.20 

Grams. 
1,270.60 
1,520.80 
1,485.80 

Calorie.':. 
752.  20 
900.  30 
879.  60 

Calories. 
5,582.  E8 
5, 377.  72 
S,  343.  f.9 

13, 894.  39 

-1-  .11 

+  6.60 

-129. 00 

4,277.20 

2, 532. 10 

16,304.09 

The  total  amount  of  heat  determined  was  greatest  on  the  first  day, 
while  on  the  two  remaining  days  it  was  practically  constant.  This 
would  correspond  to  the  increased  volume  of  oxygen  consumed  and 
carbon  dioxid  eliminated,  as  previously  mentioned. 

Gains  and  losses  of  elements. — The  data  regarding  the  gains  and 
losses  of  elements  by  the  body,  given  in  detail  in  Table  118  of  the 
Appendix,  are  here  summarized. 
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Tablp:  2:i. — Gains  and  Inssea  of  dcmenls  to  the  body,  metabolism  experiment  No.  57. 


Date. 

Total 
weight. 

Nitrogen. 

Carbon. 

Hydrogen. 

Oxygen. 

Ash.a 

Grams. 
20.30 
20.41 

1<X):!. 

May  7-8: 

Total  income  

Total  outgo  

Gain  (+)  or  loss  (— )  

Ash  of  protein  gained  

Grams. 
7,  424.  76 
7,328.58 

Grams. 
17.63 
16.76 

Grams. 
557.  41 
606.  79 

Grams. 
.598. 18 
579.  83 

Grams. 
6,231.24 
R,  104. 79 

+  96. 18 
+  .08 

+  .87 

-49.38 

+  18.  35 

+  126.45 

-".11 

May  8-9: 

Total  outgo  

Gain  {+ )  or  lost  (- )  

Ash  of  protein  loss  

+  96.26 

7, 463.  83 
7, 369.  31 

18.23 
18. 54 

556.  70 
579.  84 

607.  51 
597.  41 

6, 260.  .59 
6, 155. 06 

20.80 
18.  46 

+  94.52 
-  .03 

-  .31 

-23. 14 

+  10.10 

+  105.53 

+2.  34 

-May  9-U): 

Total  income  

Total  outgo  

Gain  (+  )  or  lost  (— )  

Ash  of  protein  loss  

+94.  49 

7,  457.  79 
7, 193.  .33 

18.  23 

19.  35 

556.  70 
570.  74 

607.  51 
581.77 

6,254.55 
6,002.77 

20.80 
18.70 

+264.  46 
-  .10 

-1. 12 

- 14. 04 

+25.74 

+251.78 

+2. 10 

+264.  36 

«  .\.sh  considered  an  element. 


(Tains  or  losses  of  corn  pounds. — The  gains  or  losses  of  body  material 
in  terms  of  protein,  fats,  carbohydrates,  and  water,  as  computed  from 
the  gains  or  losses  of  elements  in  the  manner  described  on  page  71, 
are  .summarized  in  Table  24. 


Table  24. — (rains  and  losses  of  com  pounds  to  (lie  body,  iiii  laholi.sni  c.r  ixrimcnt  No.  57. 


Date. 

Protein. 

Fat. 

Carbo- 
hydrates. 

Water. 

1903. 

May  7  

Grams. 
+5.i22 
-1.86 
-6.  72 

Grams. 
+  21.07 
-30.  .30 
-.55.22 

Grams. 
- 1.53.  47 
+  2.08 
+  71.10 

Grams. 
+  223.55 
+ 122.  23 
+  2.-.3.  10 

8  

9  

Total  3  days  

-3. 36 

-64.  45 

-  80.29 

+  .598.88 

-1.12 

-21.48 

-  26.76 

+ 199.  63 

There  was  a  slight  gain  of  protein  on  the  first  day  and  an  increasing 
loss  on  the  subsecjuent  days.  The  gain  of  21  grams  of  fat  the  first  day 
was  more  than  compensated  by  a  considerable  loss  on  the  second  and 
last  days.  On  the  other  hand,  a  large  loss  of  carbohydrates  on  the 
first  day  was  partially  compensated  by  a  gain  on  the  second  and  last 
days.    There  was  a  gain  of  water  on  all  three  days. 
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Intake  and  output  of  energy. — From  the  determinations  of  potential 
.  energy  of  the  food,  feces,  and  urine,  and  the  computed  gains  or  losses 
of  energy  of  body  material  stored  or  lost,  the  balance  of  income  and 
outgo  of  energy  is  shown  in  Table  25. 


Table  25. — Income  and  outgo  of  energy,  metabolism  experiment  No.  57. 


Date. 

Heat  of  combus- 
tion of  food  and 
excreta  as  de- 
termined by  use 
of  bomb  calo- 
rimeter. 

Available    energy    from  -r- 
food,  d=a-(b+c).  S 

Heat  of  combus- 
tion   of  body 
material  gained 
(+)  or  lost  (-) 
as  calculated  by 
use  of  iactors.* 

Total  energy  from  body  ^ 
material  gained  (+)  or  w 
lost  (-),  e+f+g. 

Estimated  energy  from 
material  oxidized  in  the  3 
body,  d— ft. 

Heat  measured  by  the  res-  c; 
piration  calorimeter.  S 

Heat 
measured 
greater  (+) 
or  less  (— ) 
than  heat 
estimated. 

(0) 

■6 
o 
o 

(&) 

tn 
a> 

V 

(c) 
6 

g 

0 

(e) 

d 
'S 

o 

(/) 
*S 

(.9) 

c 

p 
to 
o 
o 

>. 

O 

il) 

a 

< 

Proportion,  c- 

1903. 

May  7  

8  

9  

Total,  3  days  

Average  per  day. 

Cals. 
5,542 
5,529 
5,524 

Cals. 
268 
268 
268 

Cals. 
121 
127 
135 

Cals. 
5, 153 
5, 134 
5, 121 

Cals. 
+29 
-10 
-38 

Cals. 
+201 
-289 
-527 

Cals. 
-643 
+  9 
+298 

Cals. 

-413 
-290 
-267 

Cals. 

5,566 
5, 424 
5,388 

Cals. 
5,582 
5,378 
5,344 

Cals. 
+16 
-46 
-44 

P.  ct. 
+0.3 

-  .8 

-  .8 

16,595 

804 

383 

15, 408 

-19 

-615 

-336 

-970 

16, 378 

16, 304 

-74 

5,532 

268 

128  5,136 

-  6 

-205 

-112 

-323 

5,459 

5,435 

-24 

-  .4 

*  Protein  5.65,  fat  9.54,  and  glycogen  4.19  calories  per  gram. 


There  was  a  considerable  draft  upon  body  material  throughout  tliis 
whole  experiment,  averaging  323  calories  per  day.  The  agreement 
between  the  estimated  energy  from  the  material  oxidized  in  the  body 
and  the  heat  measured  by  the  calorimeter  is  much  closer  than  in  the 
experiment  preceding,  varying  from  0.8  per  cent  to  0.3  per  cent.  For 
the  three  days  the  discrepancy  between  the  two  figures  is  but  24  calo- 
ries or  0.4  per  cent. 

METABOLISM  EXPERIMENT  NO.  58. 

The  particular  object  of  this  experiment  was  a  study  of  the  trans- 
formations of  matter  and  energj^  in  the  body,  with  little  exercise  and 
with  a  simple  and  restricted  diet. 

The  subject,  H.  F.,  was  a  man  54  years  old,  who  for  a  number  of 
years  has  frequently  lived  for  longer  or  shorter  periods  upon  a  diet 
with  comparatively  little  variety  and  supplying  nutritive  material  in 
small  quantities.  He  also  gives  much  attention  to  thorough  masti- 
cation. His  weight  in  underclothing  and  shoes  was  72  kilograms 
(158  pounds).  He  appeared  to  be  in  excellent  health,  and  previous 
tests,  reported  by  Chittenden,"  had  indicated  that  his  muscular 
strength  and  powers  of  endurance  were  such  as  are  more  common 
with  young  athletes  than  with  men  past  middle  age. 

The  preliminary  feeding  period  began  with  Saturday,  November  7, 
1904,  and  continued  for  three  days,  the  diet  being  similar  to  that  of 
the  metaboUsm  experiment  itself.    The  subject  entered  the  calo- 
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rimeter  on  Monday  evening  at  9.45  p.  m.,  and  the  metabolism  experi- 
ment began  the  following  morning  at  7  a.  m.,  continuing  until  7  a.  m. 
Friday,  November  13. 

The  diet  consisted  simplj^  of  whole  milk,  maple  sugar,  and  one  of 
the  common  "  ready-to-eat"  breakfast  cereals,  said  to  be  prepared 
from  coarsely  ground  unbolted  wheat,  with  an  admixture  of  barley 
malt,  made  into  flakes  and  cooked.  As  shown  by  the  details  given 
later,  the  quantity  of  food  eaten  contained  barely  40  grams  of  total 
protein  and  1,500  calories  of  energy  per  day.  In  planning  the  ration 
the  subject  was  inclined  to  prefer  smaller  quantities,  hardly  more  than 
enough  to  supply  900  or  1,000  calories  of  energy  daily.  As  a  matter 
of  fact  he  did  not  care  to  have  any  regulated  quantity  of  food,  being 
accustomed  to  suit  the  quantity  of  food  eaten,  as  he  believed,  to  the 
dictates  of  his  appetite;  but  the  amount  suggested  seemed  to  him  to 
be  more  than  enough  to  meet  the  needs  of  his  body,  as  they  would  be 
interpreted  by  his  appetite,  so  far  as  he  could  tell  in  advance.  How- 
ever, it  was  explained  that  if  he  began  with  so  little  he  would  probably 
suffer  a  considerable  loss  of  body  material  and  would  ieel  the  need  of 
more  before  the  termination  of  the  experiment ;  and  as  it  was  desired 
to  avoid  changing  the  diet  after  the  experiment  had  begun,  he  acqui- 
esced in  the  amount  of  food  suggested.  He  also  agreed  to  follow  the 
usual  custom  of  the  experiments  with  regard  to  eating  practically  the 
same  total  amount  of  food  each  day,  but  his  desire  to  be  unrestricted 
as  to  time  of  eating  was  granted  and  he  was  allowed  to  take  his  food 
at  such  times  between  rising  and  retiring  as  best  suited  his  appetite. 

Programme. — Since  in  his  daily  life  the  subject  made  no  attempt  at 
regularity  in  hours  of  eating  or  sleeping,  or  in  his  habits  in  general, 
they  did  not  readily  conform  to  a  programme.  In  order  that  his 
sojourn  in  the  calorimeter  might  be  as  comfortable  and  agreeable  to 
him  as  it  had  been  to  others,  no  regime  was  prescribed  other  than  that 
the  total  food  eaten  between  7  a.  m.  and  lip.  m.  was  to  be  approxi- 
mately the  same  from  day  to  day,  as  explained  above.  Inasmuch  as 
the  subject  endeavors  to  exercise  control  over  his  physical  and  mental 
status,  he  was  asked  to  restrict  his  activity  as  much  as  possible,  as  this 
was  to  be  a  rest  experiment. 

In  order  that  there  might  be  some  definite  information  regarding 
his  bodily  activity,  a  record  was  kejit  of  his  movements  during  the  three 
days.  Even  in  ordinary  experiments  the  observer  at  the  table  in 
front  of  the  window  of  the  calorimeter  makes  such  records,  but  they 
are  confined  chiefly  to  variations  in  the  major  movements  from  those 
prescribed.  In  this  case  he  was  instructed  to  note  both  the  major 
and  the  minor  movements.  A  transcript  of  the  notes  as  recorded 
rather  informally  by  the  observer  is  here  given.  It  will  be  observed 
that  the  records  do  not  cover  the  periods  of  sleep  at  night,  because  the 
subject  then  has  a  black  curtain  in  the  window,  thus  obstructing  the 
view  of  the  chamber  from  the  outside. 
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Table  26. — Record  of  muscular  movements,  metabolism  expeiiment  No.  58. 


6.32  a.  m 
7  a.  m.. 
7.02  a.  m 
7.14  a.  m 


7.52  a.  m 
7.,54  a.  m 
8.06  a  m 
8.12  a.  m 
8.44  a.  m 
9.16  a.  m 
9.22  a.  m 
9.28  a.  m 


9.36  a.  m  

9.50  a.  m  

9.56  a.  m  

10.12  a.  m.... 

10.32  a.  m  

10.52  a.  m.... 
11.28  a.  m.... 
11.38  a.  m.... 

11.44  a.  m  

11.48  a.  m.... 

12.18  p.  m  

12.30  p.  m... 
12.34  p.m... 
12.46  p.m.... 

1  p.  m  

1.06  p.  m  

1.10  p.  m  

1.16  p.  m  

1.18  p.  m  


1.56  p.  m 
2  p.  m. . 
2.06  p.  m 


2.18  p.  m. 
2.20  p.  m. 
2.24  p.  m. 
2.30  p.  m. 
2.46  p.  m. 
2.48  p.  m. 
2.52  p.  m. 
2.54  p.  m. 
3  p.  m... 


3.02  p.  m. 
3.04  p.  m. 
3.36  p  ra. 
3.40  p.  m. 
4.24  p.  m. 


4.28  p.  m. 

4.56  p.  m. 
6..52p.  m. 
7  p.  m. 


November  10. 


4  a.  ra   Sits  up  in  bed,  moves  about,  but 

at  once  lies  down  again. 
20  respirations  per  minute 
Rises  and  telephones. 
Retires. 

Rises    and    telephones;  passes 
urine;  arranges  bedding  and 
retires. 
Rises  and  telephones. 
Lies  down. 
Eyes  closed. 
Lying  on  left  side. 
16  respirations  per  minute. 
Turned  onto  back. 
Moves  hands. 

Turned  to  right  side;  hand  under 

the  head 
Turned  head;  restless. 
Moved  hands;  turned  onto  back. 
Eyes  open. 
Turned  to  left  side. 
Moved  shoulders. 
Moved  arms. 
Moved  toward  wall. 
Moved  hands. 

Turned  to  right  side;  eyes  open. 
Turned  to  back. 
Turned  to  left  side. 
Restless. 

Waves  hands,  greeting  observer. 
20  respirations  per  minute. 
Rises  and  telephones. 
Moves  about. 
Weighs  himself. 
Adjusts  table. 

Prepares  dinner;  sits  on  bed  and 

reads  letters. 
Weighs  himself. 
Uses  typewriter. 
Puts   on   pajamas;  uses  type- 
writer. 

Stops  tj'pewriting:  telephones. 
Seated. 
LTses  pen. 

Clears  table;  begins  tji^ewriting. 
Stands  and  telephones. 
Walks  around. 
Weighs  himself. 
Sits  down  and  tj-pewrites. 
Rises,    removes   pajamas,  and 

weighs. 
Sits  and  typewrites. 
Lies  down  and  reads. 
Sits  up  and  telepliones. 
Lies  down  and  reads. 
Stops  reading;  moves  hands  and 

turns  to  left  side. 
Rises,  arranges  bed,  and  lies 

down  on  left  side. 
20  respirations  in  69  seconds. 
Sits  up  m  bed;  retires. 
Sits  up  and  telephones. 

7.04  p.  m  !  Telephones. 

7.08  p.  m  i  Wipes  mirror;  opens  food  aper- 
ture. 

7.10  p.  m   Eats  supper. 

7.24  p.  m   Stands  up. 

7.28  p.  m   Weighs. 

7.30  p.  m   Sits  and  reads. 

7..32p.  ni   Writes. 

7.36  p.  m   Rises;  then  sits  and  reads. 


11.22  p.  m. 


Sits  up  in  bed;  rises  and  puts  up 
curtain. 

November  11. 


7  a.  m   Telephones. 

7.02  a.  m  '  Sits  and  writes. 

7.20  a.  m   Goes  to  bed. 

7.56  a.  m   Sits  and  telephones. 

8  a.  m  '  Reads. 

8.32  a.  m   Stops  reading. 


8.34  a.  m.. 
8.36  a.  m.. 
8.48  a.m.. 
8.50  a.  m.. 

9.04  a.  m.. 

9.12  a.  m.. 
9.18  a.  m.. 

9.24  a.  m.. 
10.04  a.  m. 
10.36  a.  m . 
10.42  a.  m . 
10.46  a.  m. 

11.26  a.  m. 

11.32  a.  m. 
11.36  a.  m. 
11.38  a.  m. 
11.52  a.  m. 
12.06  p.  m. 
12.16  p.  m. 
12.38  p.  m. 

12.44  p.  m. 
12.46  p.  m. 

1  p.  m  

1.02  p.  m.. 
1.04  p.  m.. 
1.08  p.  m.. 
1.12  p.  m.- 

1.16  p.  m.. 
1.18  p.  m.. 
1.46  p.  m.. 
1.48  p.  m.. 

1.52  p.m.. 

3.34  p.  m.. 
3.38  p.  m.. 
5.40  p.  m.. 
5.52  p.  m.. 
6.04  p.  m.. 
6.06  p.  m.. 

7  p.  m  

7.04  p.  m.. 
7.08  p.  m.. 

7.26  p.  m.. 
7.28  p.  m.. 
7.36  p.  m.. 
9.10  p.  m.. 
9.12  p.  m.. 
9.26  p.  m . . 

9.25  T).  m. , 
9.30  p.  m. . 
9.32  p.  m.. 
9..34p.  m.. 

7  a.  m  

7.02  a.m.. 
7.06  a.  m.. 

7.08  a.  m.. 
7.18  a.  m.. 
8.02  a.  m.. 
8.04  a.  ra . . 

8.08  a.  m . . 
8.24  a.  m.. 
9.06  a.  m.. 
9.12  a.  ra.. 
9.16  a.  m.. 
9.18  a.  m.. 
9.22  a.  m.. 
9.24  a.  m.. 


November  i/— Continued. 

Restless. 
Begins  reading. 
Telephones. 

Moves  about;  telephones,  re- 
clines, and  reads. 

Rises  and  telephones;  sits  and 
reads. 

Moves  about. 

Arranges     bed;    reclines  and 

writes. 
Telephones. 

Stops  writing  and  reads. 

Writes. 

Moves  about. 

Sharpens  pencil;  uses  tj'pe- 
writer. 

Stops    typewriting    and  telcr 

phones 
Typewrites. 

Stops  and  reads;  typewrites. 
Reads  and  writes  with  pen. 
Telephones;  writes. 
Telephones. 

Stops  telephoning:  writes. 

Stops  writing;  seals  letter;  rest- 
less. 

Moving. 

Lying  down. 

Sits  up. 

Moving. 

Lies  down. 

Sits  up  and  reads. 

Moves;  puts  on  shoes  and 
weighs. 

Puts  on  shirt:  prepares  dinner. 

Eats  and  reads. 

Rises. 

Weighs  himself,  then  sits  and 
writes. 

Rises,  arranges  bed,  and  lies 
down 

Sits  up  and  drinks. 

Lies  down. 

Sits  up  and  writes. 

Telephones. 

Stops  telephoning. 

Arranges  pillow;  reclines  and 
reads. 

Telephones  sitting. 

Stops  telephoning:  reads  sitting. 

Opens  food  aperture;  eats  sup- 
per. 

Sits  up. 

Sits  and  writes. 
Reclines  and  reads. 
Sits. 

Eats  and  drinks. 
W  rites. 
Stands. 
Sits. 

Stands  and  arranges  bed. 
Curtain  up. 

November  12. 

Telephones. 

Stops  telephoning. 

Stands  and  dresses;  sits  and 

puts  onehoes. 
Sits  and  writes. 
Uses  typewriter. 
Telephones. 

Sits,  moves  about,  then  sits  and 

typewriU'S. 
Stops  type\vriting  and  uses  pen. 
Uses  typewriter. 
Stops  typewriting  and  reads. 
Rises  and  moves  about. 
Sits  and  reads  letters. 
Rises,  then  sits  and  reads  letters. 
Telephones. 
Reads  letters. 
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Table  26. — Record  of  muscular  movements  f  metabolism  experiment  No.  58 — Continued. 


in.io  a. 
1(1. 1()  a. 
I(l..''i2  a. 
1 1 .1)2  a. 


ni . . . 
m . . . 


11.(14  a.  III.. 

11.24  a.  m.. 
11.26  a.  m.. 

1 1 .25  a.  in  . . 
11.30  a.  in.. 
\\S>'2  a.  m . . 
12.1(1  p.  in. . 
12.24  p.  m. . 
12.2()  p.  m  . . 
12.28  p.  m.. 

12.34  p.  m. . 
1.02  p.  m.  .. 
1.14  p.  m. . . 
1.22  p.  111... 
1.21')  J).  111... 
1.30  p.  m... 
I..i2  p.  111... 
1.4,S  p.  m.. . 
I..^i4  ]).  ni. . . 
1..-1.S  p.  m... 
2.10  p.  m... 

2.14  p.  in... 
2.20  p.  m... 
2.36  p.  m . . . 
2.10  p.  m... 
3.10  p.  in... 

3.15  p.  111... 
3.22  p.  ni... 
3.32  p.  m... 
3.38  p.  m... 


November  Continued. 

Reads  and  writes. 
Uses  typewriter. 
Eats.  " 

Rises,   removes  .shirt;  puts  on 
shirt. 

Sits  down  and  typewrites. 

Stops  (typewriting)  and  eats. 

(Typewriting);  eats. 

Stops;  eats. 

Begins. 

Reads. 

Uses  typewriter. 
Telephones. 
Moves  about. 

Rises  and    telephones;  goes  to 

food  aperture. 
Uses  typewriter. 
Telephones. 

Stops  typewriting;  uses  pen. 

Uses  typewriter. 

Eats. 

Uses  typewriter. 
-  Eats. 
Curtain  up. 
Moving. 
Lie";  down. 

Rises  and  telephones. 
Sits  up  and  eats. 
Uses  typewriter. 
Uses  pen. 
Uses  typewriter. 
U.ses  pen. 


Telephones. 
.\rrant;ps  In' 
Teleplioiic'.-; 
Telephones. 


1:  lies  down. 

sits  up  and  reads. 


3.40  p.  m  

3.44  p.  ni  

3.50  p.  m  

3..54  p.  m  

.'■).20  ]>.  ni  

5.26  p.  m  

.5.34  p.  m  

5.40'p.  m  

5.44  p.  m  

5.46  p.  ni  

5..50  p.  m  

5.52  p.  m  

5.56  p.  m  

Op.  ra  

6.16  p.  m  

6.36  p.  in  

7  p.  ra  

7.02  p.  m  

7.06  p.  m  

7.08  p.  ni  

7.14  p.  in  

7.20  p.  m  

7.22  p.  m  

7.24  p.  m  

8.18  p.  m  

8.22  p.  m  

8.32  p.  m  

8.34  p.  m  

9.32  p.  m  

9.36  p.  m  

9.38  p.  in  

9.42  p.  m  

10.40  p.  ni  

10.48  p.  ni  

10..52  p.  in  


November  12 — Continued. 

Stops  telephoning;  moves  about. 

I/ies  down. 

Rises  and  telephones. 

Lies  down. 

Sits  up;  looks  at  watch;  reads. 

Telejilionps. 

Uses  typewriter. 

Weiglis  and  sits  down. 

Uses  typewriter. 

Looks  at  watch. 

Arranges  bed;  reelinesand  reads. 

Telephones. 

Sits  upv 

Reclines  and  reads. 

Still  reading. 

Still  reading.  _ 

Sits  up  and  drinks. 

Telephones. 

Opens  food  aperature. 

Eats  and  telephones. 

Eats. 

Stands  and  weighs. 
Sits  and  writes. 
Arranges  bed;  goes  to  bed. 
Sits  up  and  reads. 
Reclines  and  reads. 
Telephones. 

Rises:    fixes  absorber  shields, 

then  rci'Iines  and  reads. 
Ri.ses;  weighs. 
Telephones. 
Opens  food  aperture. 
Drinks,  reclines,  and  reads. 
Stops  reading. 
Sits  up;  then  stands. 
Arranges  -.ed;  puts  up  curtain. 


The  more  active  movements  of  the  subject  consisted  mainly  in 
risinji;  from  bed,  dressing,  eating,  taking  care  of  the  food  and  excreta, 
writing  with  a  pen  or  typewriter,  and  occasionally  taking  a  few  steps, 
but  a  notably  large  portion  of  the  day,  especially  on  the  first  and 
second  days,  was  spent  sitting  at  the  table  reading,  or  lying  in  bed, 
reading  or  sleeping.  This  experiment  differed  from  previous  rest 
experiments,  chiefly  in  the  general  irregularity  of  the  daily  routine  in 
eating  and  moving  about,  and  in  the  small  amount  of  bodily  activity 
and  of  food  consumption.  The  subject  was  slightly  more  active  on 
the  second  and  still  more  on  the  third  day  than  on  the  first.  He  was 
asked  to  estimate  his  relative  muscular  activity  on  the  three  days  of 
the  experiment,  and  without  knowing  the  results  of  the  heat  measure- 
ments he  estimated  that  if  the  muscular  activity  on  the  first  day  was 
represented  by  1.00  that  on  the  two  following  days  would  be  repre- 
sented by  1.33  and  1.50  respectively.  As  is  seen  later,  this  estimate 
is  of  value  only  in  indicating  an  impression  of  the  subject  that  there 
was  slightly  greater  activity  on  the  last  two  days. 

Previous  experience  leads  us  to  believe  that  in  this  particular 
experiment,  though  the  irregularities  made  the  results  for  the  indi- 
vidual days  less  strictly  comparable  with  each  other,  they  did  not 
materially  affect  the  experiment  as  a  whole.  Apparently  there  was 
nothing  in  the  vuiusual  conditions  to  affect  the  normal  transforma- 
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tions  of  matter  and  energy,  and  the  results  were  such  as  would  natu- 
rally be  expected  to  accompany  the  conditions  of  diet  and  exercise. 

Food,  feces,  and  urine. — The  data  regarding  the  percentage  compo- 
sition and  heat  of  combustion  of  the  food,  feces,  and  urine  are  given 
in  Table  27. 

Table  27. — Percentage  composition  and  heat  of  combustion  per  gram  of  food  materials, 
feces,  and  urine,  metabolism  experiment  No.  58. 


Lab- 
ora- 
tory 
No. 


3701 
3702 
3703 
3705 


Kind  of  material. 


Prepared  cereal  

Milk  

Maple  sugar  

Jfeces  

Urine,  first  day  «  

Urine,  second  day  a. . 
Urine,  third  day  a.  . . 


Water. 


Per  ct. 
8.9 
86.9 
11.5 
71.9 
92.  3 
&1.8 
91.7 


Pro- 
tein. 


Per  ct. 
15.3 
3.3 


5.2 


Fat. 


Per  ct. 
1.4 
4.0 


2.9 


Carbo- 
hy- 
drates. 


Per  ct. 
71.5 
5.0 
87.5 
14.  4 


Ash. 


Per  ct. 
2.9 
.8 
1.0 
5.6 
1.4 
1.4 
1.4 


Nitro- 
gen. 


Per  ct. 
2.68 
.53 


.83 

1.  93 

2.  07 
2.09 


Car- 
bon. 


Per  ct. 

40.76 
7.05 

37.24 

12.  99 
1.70 
1.  82 
1.  84 


Hydro- 
gen. 


Heat  of 
com- 
bus- 
tion per 
gram. 


Per  ct. 
5.81 
1.01 
5.70 
1.  78 
.42 
.45 
.45 


Calories. 
4.002 
.776 
3.432 
1.  386 
.178 
.185 
.182 


"Data in  part  from  daily  samples  and  part  from  composites. 

The  milk  was  obtained  fresh  each  day,  as  usual,  and  a  composite 
sample  for  the  whole  experiment  was  prepared,  consequently  but 
one  analysis  is  given.  The  determinations  of  the  nitrogen  and  heat 
of  combustion  of  urine  were  made  for  each  day,  while  those  of  carbon, 
hydrogen,  and  ash  were  made  upon  a  composite  sample  and  appor- 
tioned among  the  three  days  on  the  basis  of  the  nitrogen  determina- 
tion. The  total  weight,  composition,  and  heat  of  combustion  of  the 
food,  feces,  and  urine,  for  the  different  days  of  the  experiment,  are 
given  in  Table  28. 

Table  28. — Total/daily  weight,  composition,  and  heat  of  combustion  of  food,  feces,  and 
urine,  metabolism  experiment  No.  58. 


Water-free  substance. 

Labo- 
ratory 
No. 

Kind  of  material. 

Total 
weight. 

Water. 

'5 

■*-» 
o 
u 

&H 

Fat. 

Carbohydrates. 

Ash. 

Nitrogen. 

Carbon. 

Hydrogen. 

Oxygen  by  dif- 
ference. 

Heat  of  com- 
bustion. 

Food. 

1 

3701 
3703 

Basal  ration. 

Prepared  cereal  

Maple  sugar  

Gms. 
125 
150 

Gms. 
11.1 
17.3 

Gms. 
19.1 

Gms. 
l.S 

Gms. 
89.4 
131.2 

Gms. 
3.6 
1.5 

Gms. 
3.35 

Gms. 
50  95 
55. 80 

Gms. 
7  26 
8.55 

Gms. 
48  74 
66.79 

Cats. 
500 
515 

Total  basal  ra- 
tion  

275 

28.4 

19.1 

1.8 

220.6 

5.1 

3.35 

106. 81 

15.81 

115. 53 

1,015 

Supplemental  ration- 

3702 

First  day- 
Milk  

610 

530.1 

20.1 

24.4 

30.5 

4.9 

3.23 

43.01 

6.16 

22.60 

473 

Total  ration  

885 

558.5 

39.2 

26.2 

25L1 

10.0 

6.58 

149. 82 

21.97 

138.13 

1,488 

89 


Table  28. —  Total  daily  weight,  composition,  and  heat  of  combustion  of  food,  feres,  and 
urine,  metabolism  experiment  No.  58 — Continued. 


Labo- 
ratory 
No. 

Kind  of  materia!. 

Total 
weight. 

Water. 

Water-free  substance. 

Protein. 

Fat. 

CO 

si 
u 

o 

■2 

CO 

Nitrogen. 

Carbon. 

tc 
u 
■O 
>> 

Oxygen  by  dif- 
ference. 

Heat  of  com- 
bustion. 

3702 
3702 

3705 

Food— Continued. 

SupplcJIlCTltdl  Til- 

(ion— Continued. 

Second  day: 
Milk  

Gms. 
585 

Gins. 
508.4 

Gms. 
19.3 

Gms. 
23.4 

Gms. 
29.2 

Gms. 
4.7 

Gms. 
3. 10 

Gms. 
41.24 

Gms. 
5. 91 

Gms. 
21.65 

Cals. 
454 

Total  ration.. 

Third  day: 
Milk  

860 

680 

536.8 

38.  4 

25. 2 

249.8 

9.8 

6  45 

148.05 

21.72 

1  469 

590.9 

22.4 

27.2 

34.0 

5.i) 

3.60 

47.94 

6.87 

25. 19 

528 

1  otal  ration .... 

EXCRKTA. 

Total  feces  for  3 
days  

yoo 

619.3 

41.5 

29.0 

254. 6 

10.6 

6.95 

154.  75 

22.68 

140.72 

1.,  543 

H45.0 

104.3 

7.5 

4.2 

20.9- 

8. 1 

1.20 

18.84 

2.58 

9.98 

201 

Average  per  day. 

48.  .34 

34.77 

2.50 

1.40 

6.  97 

2.70 

.40 

6.28 

.86 

3.33 

67 

TIrinp  >Jnv_  10-11 

40.-?  8 

372.90 
366.90 
410.00 

5.  65 
5.60 
6.26 

7.79 
8. 27 
9.34 

6.87 
7.29 
8. 22 

1.69 
L79 
2.02 

8.90 
9.85 
11.16 

72 
74 
81 

Urine,  Nov.  11-12...  1  399.7 
TIrinp_  Nov.  12-13__.  447.0 

Total  urine  for 
3  days  

1,250.5 

1, 149. 80 

17.  51 

25.  40 

22.38 

5.50 

29.91 

227 

a  See  statement  on  p.  90. 


Since  the  same  quantities  of  cereal  and  of  sugar  were  eaten  each  day,v 
while  the  quantity  of  milk  varied  somewhat  on  the  different  days,  the 
cereal  and  sugar  are  considered  as  the  basal  ration,  supplemented  on 
the  different  days  by  the  varying  quantities  of  milk;  but  this  is  simply 
for  convenience  in  tabulation.  The  energy  of  the  total  diet  ranged 
from  1,469  calories  on  the  second  day  to  1,543  calories  on  the  third 
day,  and  the  total  protein  from  38.4  grams  on  the  second  day  to  41.5 
grams  on  the  first  day.  The  diet  is  characterized  by  an  excess  of 
carbohydrates,  and  may  therefore  be  considered  as  a  carbohydrate 
ration.  At  least  two-thirds  of  the  total  amount  of  energy  was 
supplied  by  this  nutrient. 

This  subject  was  accustomed  to  retain  the  feces  much  longer  than 
is  ordinarily  done,  several  days  commonly  intervening  between  two 
successive  defecations,  as  he  believed  that  in  so  doing  he  increased  the 
thoroughness  of  digestion  of  liis  food.  Because  of  such  infrequency 
of  defecation,  the  customary  separation  of  feces  for  the  preliminary 
and  calorimeter  periods  could  not  be  made.  The  lampblack  taken 
to  mark  the  beginning  of  the  feces  pertaining  to  the  preliminarv" 
digestion  period  appeared  in  feces  passed  during  the  period  when  the 
subject  w^as  in  the  calorimeter.    This  was  the  only  defecation  that 
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occurred  during  the  six  days  the  subject  was  on  the  experimental 
diet.  The  marker  taken  after  the  close  of  the  experimental  period 
was  passed  some  days  later,  and  unfortunately  the  final  separation  of 
the  feces  was  not  made  in  this  laboratory,  but  by  the  subject  himself, 
who  had  in  the  meantime  left  Middletown,  and  the  feces  supposed  to 
represent  the  final  portion  of  those  pertaining  to  the  experimental 
diet  were  returned  to  the  laborator}^.  Under  the  circumstances, 
therefore,  we  can  not  vouch  for  the  accuracy  of  the  separation,  and 
are  not  certain  that  all  the  feces  pertaining  to  the  experimental  diet 
were  collected.  The  total  amount  collected  for  the  six  days  was  291 
grams;  since  no  separation  could  be  made  between  that  pertaining  to 
the  food  of  the  preliminary  and  that  of  the  calorimeter  period,  one- 
half  of  the  total  amount  was  ascribed  to  each  period. 

Water  eliminated. — The  quantity  of  water  of  respiration  and  perspi- 
ration is  given  in  Table  29. 


Table  29. — Daily  record  of  water  of  respiration  and  perspiration,  metabolism 

experiment  No.  58. 


Date. 

(a) 
Total 
amount 
of  vapor  in 
chamber 
at  end  of 
day. 

(6) 
Gain  (+) 
or  loss (— ) 
over  pre- 
ceding 
period. 

(0) 

Change  in 
weight  of 
absorbers, 
gain  (+) 
loss  (— ). 

■  (d) 

Amount 
in 
under- 
clothes. 

(e) 
Total 
amount 
gained  (+) 
or  lost  (— ) 
during  day, 
h—c—d. 

(f) 

Total 
amount  in 
outgoing 
air. 

(?) 
Total 
water  of 
respiration 
and  perspi- 
ration, h+f. 

1903. 

Nov.  10-11  

Grams. 
50. 15 
36.07 
35.38 

Grams. 
+  5.10 
-14.08 
-  .69 

Grams. 

Grams. 

Grams. 

Grams. 
502. 03 
842. 8G 
817.  63 

Grams. 
507. 13 
828.  78 
816.  94 

11-12  

12-13  

Total 

-  9.67 

2, 162.  .52 

2, 152.  85 

This  being  a  rest  experiment,  there  was  no  appreciable  alteration  in 
the  weight  of  the  heat  absorbing  sj'-stem  or  of  the  underclothes,  and 
consequently  the  only  correction  to  be  made  to  the  quantity  of  vapor 
leaving  the  respiration  chamber  in  the  ventilating  air  current  was  for 
the  variations  in  the  amount  of  residual  vapor  at  the  end  of  each  day. 
There  was  a  marked  increase  in  the  water  of  respiration  and  perspira- 
tion on  the  second  day,  the  quantity  being  some  300  grams  larger  than 
on  the  first  day.  On  the  third  day  the  amount  was  not  unlike  that 
on  the  second.  This  difference  in  the  vaporization  of  water  may 
possibly  be  ascribed  to  the  fact  that  for  the  greater  part  of  the  first  day 
the  subject  was  lying  in  bed  covered  with  the  bedclothes,  thus  retard- 
ing in  considerable  proportion  the  elimination  of  water  through 
perspiration.  • 
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Carbon  dioxid  eliminated. — The  data  regarding  the  amount  of 
carbon  dioxid  eliminated  are  summarized  in  Table  30. 


Table  30. — Daily  record  of  carbon  dioxid  in  ventilating  air  current,  metabolism 

experiment  No.  5S. 


Date. 

Carbon  dioxid. 

(/) 

Carbon  in 
carbon  di- 
oxid ex- 
haled, 
d  X  A- 

(a) 
Total 
amount  in 
chamter 
at  end  of 
day. 

(6) 
Gain  (,+) 
or  loss  (— ) 
over  pre- 
ceding day. 

(c) 
Total 
amount 
absorbed 
from  out- 
coming  air. 

(.d) 

Amount 
exhaled  by 
subject, 
6  +  c. 

Volume  ex- 
haled by 
subject, 

d  X  0.5091. 

1903. 

Nov.  10-11  

11-  12  

12-  13  

Grams. 
98.04 
26.  36 
65.47 

Grams. 
+  12.24 
-71.68 
+  39. 11 

Grams. 
615.  83 
716.  22 
667.  16 

Grams. 
628. 07 
644.  54 
706.  27 

Liters. 
319.  76 
328. 14 
359.56 

Grams. 
171.  29 
175.  80 
192.  61 

Total  

-20.33 

1,999.21 

1, 978.  88 

1,007.46  j  539.70 

The  amount  exhaled  increased  gradually  from  day  to  day,  vary- 
ing from  628  grams  on  the  first  day  to  706  grams  on  the  third  day. 
The  smallness  of  the  amount  is  particularly  interesting.  This  is 
in  large  part  accounted  for  by  the  fact  that  the  subject  was  unusually 
quiet  during  this  experiment. 

Oxygen  consumed. — The  amounts  of  oxygen  removed  from  the 
air  current  on  the  different  days  are  given  in  Table  31. 

Table  31. — Daily  record  of  oxygen  in  ventilating  air  current  and  respiratory  quotients, 
metabolism  experiment  No.  58. 


Date. 

Oxygen. 

(9) 

Volume 
of  car- 
bon 
dioxid 
exhaled. 

(A) 

Respira- 
tory 
quo- 
tients. 

(a) 
Total 
amount 
in  cham- 
ber at 
end  of 
period. 

Gain  {  + 
(-)  ov 
cedinj 

(6) 
Volume. 

)  or  loss 
er  pre- 
jday. 

(c) 
Weight, 
6-7-0.7. 

(d) 

Amount 
admitted 
to 

chamber. 

(e) 
Amount 
con-, 
simied 
by  sub- 
ject, d—  c. 

(/) 

Volume 

con- 
sumed, 
e  X  0.7 

Nov.  10-11  

11-12  

Total  

Liters. 
853.  41 
876.  67 
859.56 

Liters. 
-31.  96 
+  22.  66 
-16.51 

Grams. 
-45.65 
+  .32.37 
-2.3.  .58 

Grams. 
482.  8.5 

581. ;« 

565.55 

Grams. 
528.  .50 
548.  98 
589.  13 

Liters. 
:»9.  95 
384.  29 
412.  39 

Liters. 
319.  76 
328.  14 
359.56 

0.  8643 
.8539 
.8719 

-25.81 

-3().86 

1,629.75 

1,666.61 

1,166.63 

1,007.46 

.8655 

There  was  an  increase  of  from  528  grams  on  the  first  day  to  589 
grams  on  the  thud  day.  The  respiratory  quotient,  which  averaged 
0.8655,  was  fairly  constant  on  the  several  days.  Since  the  diet  was 
mainly  of  carbohydrate  nature,  and  the  quotient  for  carbohydrates 
is  1.0,  considerable  body  material  must  have  been  drawn  upon  to 
lower  the  quotient. 
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Oalorimetric  measurements. — The  data  showing  the  amount  of 
heat  eliminated  br  the  subject  are  summarized  in  Table  32. 

Table  32. — Summary  of  calorimetnc  measurements,  metabolism  experiment  No.  58. 


Date. 


(a) 

Heat 
measured 
in  terms 
C20 

(6) 

Change  of 
tempera- 
ture of  cal- 
orimeter. 

(c) 

Capacity 
correction 
of  calorim- 
eter, 6X60. 

(<?) 

Correction 
due  to  tem- 
perature of 
food  and 
dishes. 

(e) 

Water  va- 
porized 
equals  to- 
tal in  out- 
going air 
plus  excess 
residual 
vapor. 

(/) 

Heat  used 
in  vapori- 
zation of 
water,  €X 
0.592. 

(g) 

Total  heat 
deter- 
mined, 

a+c+d+f. 

Calories. 
1. 513. 59 
1, 346. 11 
1, 549. 27 

Degrees. 
-0. 04 
-  .02 
-1-  .07 

Calories. 
-2.  40 
-1.20 
+  4.20 

Calories. 
+  7.72 
+  9.96 
+  10. 16 

Grams. 
507. 13 
828.  78 
816. 94 

Calories. 
300.22 
490.64 
483.62 

Calories. 
1,819.13 
1.845.51 
2,047.25 

4, 408. 97 

+  .01 

+  .60 

+27. 84 

2,152.85 

1,274.48 

5, 711.  89 

1903. 


Nov.  10. 
11. 
12. 


The  total  amount  of  heat  eliminated  was  1,819  calories  on  the  first 
day,  1,845  calories  on  the  second,  and  2,047  calories  on  the  third. 
There  was  a  much  larger  quantity  of  heat  measured  directly  as  such 
(given  in  terms  of  the  standard  calorie  at  20°  in  column  a)  on  the 
first  than  on  the  second  day,  o\\'ing  to  the  fact  that  there  was  less 
water  vaporized,  as  previously  pointed  out,  consequently  a  greater 
amount  of  heat  radiated  from  the  body.  The  total  amount  ehmi- 
nated  on  the  third  day  was  200  calories  greater  than  on  the  second, 
and  as  the  quantity  of  water  vaporized  was  practically  the  same  in 
both  cases,  the  amount  of  heat  radiated  directh'  was  200  calories 
larger  on  the  third  day. 

Gains  and  losses  of  elements. — The  statistics  of  income  and  outgo  of 
elements  given  in  the  preceding  tables,  when  balanced,  show  the 
gains  and  losses  of  elements  by  the  body,  as  given  in  Table  33. 

T.\BLE  33. — Gains  and  losses  of  elements  to  the  body,  metabolism  experiment  iVo.  58. 


Date. 


Total 
weight. 

Nitro- 
gen. 

Carbon. 

Hydro- 
gen. 

Oxygen. 

Ash. 

Grams. 
1,813.50 
1,587.34 

Grams. 
6.58 
8.19 

Grams. 
149.82 
184.44 

Grams. 
129.23 
104.92 

Grams. 
1.5' 7. 87 
1,281.44 

Grams. 
10.00 
8.  .35 

+226. 16 
-  .15 

-1. 61 

-34.62 

+24.31 

+236.  43 

+  1.65 

+226.  01 

1,808.98 
1,921.36 

6.45 
8.67 

148. 05 
189.37 

126.00 
140. 34 

1.518. 13 
1.574.68 

9.80 
8.30 

-112.38 
-  .20 

-2.22 

-41.32 

-13.79 

-56.55 

+  1.50 

-112.58 

1.807.13 
2,018.55 

6.95 
9.74 

154.75 
207.11 

121.41 
144.07 

1,  m.  42 
1.648.67 

10.60 
8.90 

-211.42 
-  .26 

-2.79 

-52. 36 

-22.66 

-135.25 

+  1.64 

-211. 68 

1903. 

Nov.  10-11: 

Total  income  

Total  outgo  

Gain  (+)  or  loss  (— ) 
Ash  of  protein  lost  

Nov.  11-12: 

Total  income  

Total  outgo  

Gain  (+)  or  loss  (— ) 
Ash  of  protein  lost. . .    : . . 

Nov.  12-13: 

Total  income  

Total  outgo  

Gain  (+)  or  loss  (— ) 
Ash  of  protein  lost  
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Gains  and  losses  of  compounds. — The  gains  or  losses  of  protein,  fats, 
and  carbohydrates,  as  computed  from  the  corresponding  gains  or 
losses  of  the  elements,  are  given  in  Table  34. 

Table  34. — Gains  and  losses  of  covipoimUs  to  the  body,  metabolism  experiment  Wo.  58. 


Date. 

Protein. 

Fat. 

Carbo- 
hy- 
drates: 

Water. 

1903. 

Nov.  10-11  

Grains. 
-  9.66 
-13.32 
-16.  74 

Grams. 

-  49.24 

-  59.33 

-  47.86 

Grams. 
+  17.99 
+  24.47 
-16.00 

Grams. 
+  26.5.26 
-  65.91 
-132. 72 

11-12  

12-13   

-39.  72 

-156.43 

+26.  46  1    +  66.  63 

•Average  per  day  

-13. 24 

-  52.14 

+  8.82 

+  22.21 

The  data  show  clearly  that  there  was  a  draft  upon  body  "fat,  as 
was  suggested  by  the  low  respiratory  quotient  when  the  subject  was 
partaking  of  a  diet  markedly  carbohydrate  in  nature.  Indeed, 
there  was  a  loss  averaging  over  50  grams  of  body  fat  per  day,  while 
there  were  gains  and  losses  of  carbohydrates  which  compensated  in 
large  measure,  the  average  gain  of  carbohydrates  being  about  9 
grams  per  day.  There  was  a  marked  loss  of  protein  on  all  three  days, 
increasing  from  nearly  10  grams  on  the  first  day  to  nearly  17  grams 
on  the  third  day. 

Intake  and  output  of  energy. — A  summary  of  the  data  regarding 
the  intake  and  output  of  energy  is  shown  in  Table  35. 

Table  35. — Ineomc  and  outgo  of  energy,  metabolism  experiment  No.  58. 


Date. 

Heat  of  combus- 
tion of  food  and 
excreta  as  deter- 
mined by  use  of 
bomb  calorim- 
eter. 

Available   energy  from 
food,  d=a-Xo+c).  -S* 

Heat  of  combus- 
tion of  body  ma- 
terial gained  (+) 
or  lost  (— )  as 
calculated  by 
use  of  factors.* 

Total  energy  from  body  ^ 
material  gained  (  +  )  or  "3 
lost  (-),  c+f+g. 

Estimated  energy  from 
material  oxidized.in  the  3 
body,  d—h. 

Heat  measured  by  the  ^ 
respiration  calorimeter.  ^ 

Heat 
measured 
greater  {  +  ) 
or  less  (  — ) 
than  heat 
estimated. 

(a) 

■6 
o 
o 

(6) 

W 

8 

(<•) 

.a 

u 

d 
o 

u 
Ph 

Fat.  S 

Glycogen,  g 

0) 

a 
< 

Proportion,  o 
Uk.  S 

1903. 

Nov.  10  

11  

12  

Average  per  day. . . 

Cals. 
1,488 
1,469 
1,543 

Cals. 
67 
67 
67 

Cals. 
72 
74 
81 

Cals. 
1,349 
1,328 
1,395 

Cals. 

-  55 

-  75 

-  95 

Cals. 

-  469 

-  .566 

-  457 

Cals. 
+  75 
+  103 
-  67 

Cals. 

-  449 

-  538 

-  619 

Cals. 
1,798 
1,866 
2,014 

Cals. 
1,819 
1,846 
2,047 

Cals. 
+21 
-20 
+33 

P.  ct. 
+  1.2 
-1.1 
+  1.6 

4,500 

201 

227 

4,072 

-225 

-1,492 

+  111 

-1,606 

5,678 

5,712 

+34 

+0.6 

1,500 

67 

76 

1,357 

-  75 

-  497 

+  37 

-  535 

1,893 

1,904 

+n 

+0.6 

*  Protein  5.65,  fat  9.54,  and  glycogen  4.19  calories  per  gram. 
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The  available  energy  of  the  food  averaged  1,357  calories  per  day. 
This  was  obviously  far  from  sufficient,  since  there  was  a  draft  upon 
body  material  sufficient  to  yield  on  the  average  535  calories  per  day. 
The  estimated  energy  from  material  oxidized  in  the  body  ranged  from 
1,798  calories  on  the  first  day  to  2,014  calories  on  the  last  day,  while 
the  heat  measured  by  the  respiration  chamber  ranged  from  1,819 
calories  on  the  first  day  to  2,047  calories  on  the  last  day.  The  agree- 
ment between  the  heat  measured  and  the  heat  estimated  is  very 
satisfactory,  since  the  heat  measured  averaged  for  the  three  days  but 
11  calories  more  than  that  estimated,  a  difference  of  but  0.6  per  cent. 

METABOLISM  EXPERIMENTS  NOS.  60  AND  61. 

The  subject  of  these  two  experiments,  B.  F.  D.,  was  a  college  student 
23  years  old  and  weighing  147  pounds.  He  had  not  previously  been 
a  subject  in  these  investigations,  but  he  seemed  suitable  for  some 
experiments  that  were  planned,  to  be  carried  out  with  the  respiration 
calorimeter.  Accordingly,  these  two  experiments  were  conducted  to 
measure  his  metabolism,  first  during  rest  and  then  at  work.  For  the 
three  days  comprising  experiment  No.  60  the  subject  remained  as 
quiet  as  possible  while  conforming  to  certain  requirements  in  connec- 
tion with  another  feature  of  the  experiment  explained  below.  On 
the  fourth  day,  which  comprised  experiment  No.  61,  he  performed  a 
considerable  amount  of  muscular  work  upon  the  bicycle  ergometer. 
Inasmuch  as  the  subject  spent  no  time  previous  to  the  investigation 
in  riding  upon  the  ergometer  and  accustoming  himself  to  its  use,  it 
was  hoped  that  the  results  of  - the  two  experiments  would  give  some 
information  regarding  the  effect  of  transition  from  a  condition  of 
relative  muscular  inactivity  to  one  of  considerable  activity  without 
previous  training. 

The  most  important  feature  of  experiment  No.  60  was  a  study  of 
the  effect  of  a  large  amount  of  carbon  dioxid  in  the  air  of  the  respira- 
tion chamber  upon  the  consumption  of  oxygen  and  elimination  of 
carbon  dioxid,  water,  and  heat  by  the  subject  and  upon  his  general 
health  and  comfort.  The  results  of  this  experiment  are  therefore  of 
special  interest  in  a  consideration  of  the  problems  of  ventilation,  and 
are  utilized  in  a  discussion  of  this  topic  in  a  later  section  of  this  bulle- 
tin (p.  237). 

On  the  first  day  of  the  experiment  the  subject  wore  a  mask*  so 
devised  that  he  would  inhale  the  air  from  the  respiration  chamber, 
while  that  exhaled  was  carried  out  through  a  flexible  tube  connecting 
the  mask  with  the  pipe  that  ordinarily  conducts  the  air  out  of  the 
chamber.    The  desire  was  that  the  subject  should  inhale  air  that  was 


o  See  illustration  on  p.  256. 
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as  nearly  normal  as  practicablo  and  was  not  contaminatod  by  exhala- 
tions. Analyses  of  the  air  residual  in  the  chamber  at  the  end  of  the 
various  experimental  periods  indicated  that  practically  all  of  the 
products  of  respiration  were  forced  into  the  mask  and  drawn  out  in 
the  outgoing  air.  On  the  second  day  the  mask  was  not  worn,  and 
there  was  practically  no  circulation  of  air  through  the  system,  the 
intention  being  to  allow  the  air  to  become  vitiated  by  the  accumula- 
tion of  the  respiratory  products.  The  quantity  of  carbon  dioxid  in 
the  air  of  the  chamber  on  this  day  increased  to  relatively  enormous 
proportions.  On  the  third  day  the  conditions  of  ventilation  were 
the  same  as  in  the  ordinary  experiments. 

Programme  for  experiment  No.  60. — At  the  end  (jf  a  six-day  prelimi- 
nary feeding  period  outside  the  calorimeter  the  subject  entered  the 
respiration  chamber  on  Tuesday  evening,  January  26,  1904.  After 
accustoming  liimself  to  wearing  the  mask  he  went  to  bed  with  it 
attached  to  his  face.  As  it  was  held  in  place  by  means  of  an  elastic 
band  around  the  head,  it  did  not  interfere  to  any  extent  with  his 
sleep  during  the  night.  Experiment  No.  60  began  at  7  a.  m.  the 
following  morning,  Wednesday,  January  27.  The  mask  was  worn 
practically  the  entire  day,  except  when  the  subject  was  weighing 
himself.  Aside  from  a  slight  strain  to  keep  the  mask  in  position  no 
discomfort  was  noticed  by  the  subject  wearing  it.  As  a  result  of 
wearing  the  mask  the  muscular  activity  of  the  subject  was  consid- 
erably more  restricted  than  is  commonly  the  case.  The  greater  part 
of  th&  day  he  spent  in  studying.  As  no  definite* programme  was  pre- 
pared for  this  experiment,  record  was  kept  of  at  least  the  major 
movements  of  the  subject  on  the  first  day,  and  an  effort  was  made  to 
have  those  on  the  second  and  third  days  conform  with  them,  so  that 
in  tins  respect  the  experiment  would  be  under  conditions  as  nearly 
comparable  as  possible. 

Programme  for  experiment  No.  61. — It  seemed  desirable  to  have  the 
sid^ject  follow  a  definite  programme  in  this  experiment;  accordingly  the 
following  programme  was  prepared  for  him: 

Tablk  3(). — Daibj  prognuinuv,  ruftabolisin  expcrimtnt  No.  61. 


7  a.  m — 
7.03  a .  m . 

7.30  a.  m. 
8.15  a.  in. 
10  a.  m.  . 
10.1.')  a.  m 
12.:!0  p.  m 
12..50  p.  m 
1  p.  m  


Take  pulse. 

(1)  Pass  urine  in  jar  4.  (2)  Col- 
lect (irip  and  w  pigli  al)sorl  ers. 
(3)  Weigh  srif,  clothes,  furni- 
ture, etc. 

Breakfast. 

Bcfrin  work. 

Scop  work:  weigh  absorbers, 
liegin  work. 
Srop  work. 
Remain  quiet. 

Pass  urine  in  jar  4;  colled,  drip 
and  weigh  absorbers. 


1.25  p.  m. 

2  p.  m  

4  p.  ra  

4  15  p.  m. 
6.15  p.  m. 
6.20  p.  m. 
7  p.  m  

10  p.  ni... 
10.45  p.  m 

11  p.  m.. . 


Dinner. 
Begin  work. 

Stop  work:  weigh  absorbers. 
Begin  work. 

S  op  work;  change  underclothes. 
Supper. 

(1)  Pass  urine  in  jar  2.  (2)  Col- 
lect drij)  and  weigh  alisorbers. 
(3)  Weigh  self,  clothes,  furni- 
ttire,  cic. 

Weigh  absorbers. 

Arrange  bed  and  self  for  night. 

Pass  urine  in  jar  3;  retire. 
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Food,  feces,  and  urine. — The  usual  statistics  regarding  the  kind, 
amount,  percentage  and  total  composition,  and  heat  of  combustion 
of  the  food  materials,  feces,  and  urine  of  these  experiments  are  given 
m  Tables  37  and  38. 

Table  37. — Percentage  composition  and  heat  of  combustion  per  gram  of  food  materials, 
feces,  and  wine,  metabolism  experiments  Nos.  60  and  61. 


Kind  of  material. 


Wa- 
ter. 


Pro- 
tein. 


Fat. 


Car-  1 

bohy- ,  Ash. 
drates.! 


Nitro-'  Car- 
gen.  I  bon. 


Both  experiments. 


Prepared  cereal  

 do  

Butter  

Graham  crackers  

Soda  crackers  

Beef  

Cereal  coffee  infusion. 
Sugar.  ".  


Experiment  No.  60. 


Milk,  skimmed  

Feces  

Urine,  first  dayo  

Urine,  second  day  o . 
Urine, third  day". . 


Experiment  No.  61. 


Milk,  whole. 

Feces  

Urine  


Per  ct. 
8.7 
6.6 
13.3 
2.3 
5.0 
63.7 
99.1 


Perct. 
14.1 
11.9 
1.4 
6.5 
8.8 
31.2 


Perct. 
1.4 
1.0 
82.2 
13.7 
10.5 
3.2 


Per  ct.iPer  ct. 


73.2 
78.5 


75.4 
74.2 


90.0 
76.8 
94.5 
94.5 
94.5 


85.9 
75.1 
93.2 


3.7 

8.5 


.1 

2.0 


100.0 


5.4 

8.5 


3.5 
8.3 


4.4 
4.8 


5.4 
7.7 


2.6 
2.0 
3.1 
2.1 
1.5 
1.4 


Perct. 
2.48 
2.09 
.22 
1.14 
1.55 
4.99 


4.2 
1.5 
1.5 
1.5 


4.1 
1.6 


.60 
1. 36 
1.49 
1.46 
1. 16 


.56 
1.33 
1.82 


Per  ct. 
41.62 
41.87 
63.  64 
47.  21 
45.  63 
19.11 
.40 
42. 10 


4  40 
10. 61 
1.32 
1.30 
1.03 


7.49 
12.52 
1.42 


oHeat  of  combustion  and  nitrogen  determined  from  daily  samples;  other  determinations  made  from 
composite  sample  and  apportioned  among  the  days  according  to  nitrogen  content. 


Table  38. — Total  daily  weight,  composition,  and  heat  of  combustion  of  food,  feces,  and 
urine,  metabolism  experiments  Nos.  60  and  61. 


(a) 

(6) 

Water-free  substance. 

(c) 

(d) 

(e) 

(/) 

(?) 

(ft) 

(i) 

ik) 

(I) 

Labo- 
ratory 
No. 

Kind  of  material. 

Total  weight. 

•drates. 

a 

-3 

-=  2 

3 

1  . 

0  a 

Water. 

Protein. 

Fat. 

p-> 
ja 
o 
.Q 
M 
03 
O 

Ash. 

Nitrogei 

Carbon. 

Ilydrogc 

Oxygen 
ferei 

^  2 
o'-P 
+J 

<s 

a 

Food. 

3715 

Basal  ration. 
Soda  crackers  

Gms. 
150 
69 

Gms. 
7.5 

Gms. 
13.2 

Gms. 
15.7 

Gms. 
111.3 

Gms. 
2.3 

Gms. 
2. 33 

Gms. 
68.  45 

Gms. 
9. 84 

Gms. 
59.58 

Cala. 
692 

3714 

Graham  crackers  

1.6 

4  5 

9.5 
.8 

52.0 

1.4 

.79 

32.57 

4.71 

27.93 

330 

3709 

Prepared  cereal  

60 

5.2 

8.5 

43.9 

1.6 

1.  49 

24  97 

3.52 

23.22 

241 

Sugar  

50 

50.0 

21. 05 

.3. 24 

25.71 

198 

3717 
3711 

Cereal  coffee  

150 

148.7 

1.3 

.60 

.09 

.61 

5 

Butter  

20 

2.7 

.3 

16.4 

.6 

.04 

12. 73 

1.97 

1.96 

153 

3710 

Prepared  cereal  

30 

2.0 

3.6 

.3 

23.5 

.6 

.63 

12.  56 

1.79 

12.  42 

123 

3710 

Beef  

100 

63.7 

31.2 

3.2 

1.4 

4.99 

19.11 

2. 77 

8.03 

205 

Total  

029 

231.4 

61.3 

45.9 

282.0 

7.9 

10.27 

192. 04 

27. 93' 159.  46 

1,947 

97 


Table  38. —  Total  daily  weight,  composition,  and  heat  of  combustion  of  food,  feces,  and 
urine,  metabolism  experiments  Nos.  60  and  61 — Continued. 


Labo- 
rii  tory 
No. 

Kind  of  material. 

Total  weight.  g 

(b) 

(h 

0^ 
-M 

CtJ 

Water-free  substance. 

(c) 

a 
'S 
+j 
o 
t.* 

m 

(e) 
<a 

■o 

>> 

.c 
o 
.a 
u 

C9 
O 

(/) 

,cj 
cn 

<! 

(?) 

a 
o 

•(ft) 

d 
o 

03 
O 

(i) 

d 
P 
bD 
o 

•o 

w 

(.k) 
■3 

a  a 

>. 
o 

3 

a  . 

"  o 

+^ 

o3 
to 

w 

3714 

3713 
3717 

3714 

3713 
3716 

3720 
3711 
3716 

3719 
3721 

Food — Continued. 

Supplemental  ration, 
experiment  No.  60. 

First  day: 
Graham  crackers  

Gms. 
31 
3 
951 
72 

0ms. 
0.7 

Gms. 
2.0 

Gms. 
4.2 

Gms. 
23. 4 
3.0 
51.3 
.7 

Gms. 
0.7 

0ms. 
0.35 

Gms. 
14.64 
1.26 
41.84 
.29 

0ms. 
2. 12 

.  19 
5.99 

.04 

Gms. 
12.  49 
1.  55 
33.96 
.37 

Cals. 
149 
12 
396 
3 

Milk 

Cereal  coffee  

855.9 
71. 3 

35. 2     1. 0 

7.6 

5.71 

Total  ration,  first 

Second  and  third  days : 

Graham  crackers  

Milk  

Beef 

1,686 

1,159.3 

98.5 

51.1 

360.4 

16.2 

16.33 

250.07 

36.27 

207.83 

2,507 

31 
900 
20 

.7 
810.0 
12.7 

2.0 
33. 3 
6. 2 

4.2 
.  9 

.0 

23.4 
48.6 

.  7 
7.2 
.3 

.  35 
5.40 
1. 00 

14.64 
39.60 
3.82 

2. 12 
5.67 
.55 

12.49 
32. 13 
1.63 

149 
374 
41 

Total  ration,  sec- 
ond and  third 
days  

Supplemental  ration, 
experiment  No.  61. 

Sugar  

1,580 

1,  vol.  O 

102.8 

51.6 

354.0 

16.1 

17.02 

250. 10 

36.27 

205. 71 

2,511 

45 
900 
93 
20 

45.0 
48.6 

18. 94 
67.  41 
59. 19 
3.82 

2.92 
10. 17 
9. 17 
.55 

23.14 
37.08 
9. 23 
1.63 

178 
739 
709 
41 

Milk  

Butter  

773.1 
12.3 

31.5 
1.3 
6.2 

39.6 
76.5 
.6 

7.2 
2.9 
3 

5. 04 
.21 
1  no 

Beef  

Total  ration  

EXCRET.^. 

Experiment  No.  60. 
Total  feces  for  3  days. . 

Average  per  day... 
Urine,  Jan.  27-28  

1 

1,687 

1,  u^y.  O 

100.3 

162.6 

375. 6 

18.3 

16.52 

341.40 

50.74 

230. 54 

3,614 

379.2 

291.2 

32.2 

7.6 

32.3 

15.9 

5.16 

40.23 

5.35 

21.36 

395 

126.  4 

97.1 

10.7 

2.5 

10.8 

5.3 

1.72 

13.  41 

1.78 

7. 12 

132 

1,107.8 
1,007.2 
1,375.2 

1  046  3 
'  95L  3 
1,298.9 

16.2 
14.7 
20.1 

16.45 
14.74 
15.95 

14.61 
13. 10 
14.17 

3.  41 
3.05 
3. 31 

10.84 
10. 30 
22.  81 

136 
118 
135 

28-29  

29-30  

Total  urine, 3  days. 
Experiment  No.  61. 

Urine,  Jan.  30-31  

3,  490. 2 

3,296.5 

51.0 

47. 14 

41.88 

9. 77 

43.95 

389 

1, 23.  4 

92.7 

10.2 

5.9 

9.5 

5.1 

1.64 

15.45 

2. 16 

6.42 

161 

905.0 

843.0 

14.6 

16.46 

12.85 

3. 35 

14.77 

138 

1 

On  the  first  morning  inside  tlie  respiration  chamber  the  subject 
mistook  salt  for  sugar  when  preparing  his  food  for  breakfast.  A  fresh 
supply  of  food  was  sent  in  to  replace  that  which  he  had,  allowance 
being  made  for  what  had  already  been  eaten.  The  total  amount  of 
material  common  to  all  four  days,  and  tabulated  as  the  basal  ration, 
supplied  61  grams  of  protein  and  1,94:7  calories  of  energy.  To  this 
was  added  on  the  first  day  Graham  crackers,  sugar,  and  skimmed 
milk,  and  a  small  amount  of  cereal  coffee  infusion,  the  supplemental 

21482— Xo.  175—07  7 
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ration  being  sufficient  to  increase  tlie  protein  of  tlie  diet  to  98  grams 
and  the  energy  to  2,507  calories.  On  the  second  and  tliird  days,  at 
the  request  of  the  subject  for  a  change  in  the  ration,  the  cereal  coffee 
and  sugar  were  omitted  and  a  little  less  milk  was  given,  but  a  small 
quantity  of  the  beef  was  added,  the  supplemental  ration  of  these  days 
increasing  the  total  protein  of  the  diet  to  nearly  103  grams  and  the 
energy  to  2,511  calories.  The  beef  used  in  these  experiments  was 
lean  meat,  especially  prepared,  as  explained  in  a  previous  bulletin.* 

In  experiment  No.  61,  the  day  of  work,  the  basal  ration  was  the 
same,  but  the  supplemental  ration  consisted  of  sugar,  whole  milk, 
butter,  and  beef,  the  total  amount  of  protein  in  the  diet  on  this  day 
being  100  grams  and  that  of  energy  3,614  calories.  Although  the 
quantity  of  carbohydrate  in  the  diet  was  but  little  larger  the  quantity 
of  fat  was  over  three  times  as  large  as  in  experiment  No.  60,  the  in- 
crease being  due  to  the  substitution  of  whole  for  skimmed  milk  and  the 
addition  of  butter  to  the  supplemental  ration.  Practically  all  of  the 
increase  in  the  amount  of  energy  in  the  diet  may  be  ascribed  to 
the  fat. 

The  feces  for  the  three  days  of  experiment  No.  60  were  separated, 
dried,  and  analyzed  as  usual.  Although  experiment  No.  61  continued 
but  one  day  an  attempt  was  made  to  separate  the  feces  pertaining  to 
that  day.  The  lines  of  separation  were  fairly  clear,  but  it  is  some- 
what doubtful  whether  the  feces  obtained  satisfactorily  represent  the 
portion  that  should  be  ascribed  to  that  experimental  day.  The  total 
amount  thus  collected  for  this  experiment  was  dried  and  ground 
separately. 

Water  eliminated. — The  summary  of  the  data  regarding  the  total 
water  of  respiration  and  perspiration  is  given  in  Table  39. 


Table  39. — Daily  record  of  water  of  respiration  and  perspiration,  metabolism  experiments 

Nos.  60  and  61. 


Date. 

(a) 
Total 
amoimt 
of  vapor 
in 

chamber 
at  end  of 
day. 

(6) 
Gain 
(+)  or 
loss  (— ) 

oyer 
preced- 
ing day. 

(c) 

Change 
in  weight 
of  ab- 
sorbers, 
gain  (-H) 
loss  (— ). 

(d) 

Amount 
in  under- 
clothes.f 

(e) 

Total 
amount 
gained  (  +  ) 
or  lost  (— ) 
durine  day, 
b+c+d. 

(J) 

Total 
amount 
in  out- 
going 
air. 

ig) 

Total 
water  of 
respira- 
tion and 
perspira- 
tion, 

€+/t- 

1904. 

Experiment  No.  60. 
Jan.  27-28  

Grams. 
21.48 
.55.  69 
37.  48 

Grams. 
-  4.25 
+34. 21 
-18. 21 

Grams. 

Grams. 

Grams. 
-  4.25 
+     34. 21 
+     80. 79 

Grams. 
963.  79 
237. 94 

1,117.90 

Grams. 
959. 54 
272.  15 
1.198.69 

28-29  

29-30  

+99.0 

Total  for  3  days  

-1-11.75 

+99.0 

+    110. 75 

2,319. 63 

2, 430. 38 

Experiment  No.  61. 
Jan.  30-31  

47. 97 

-1-10.49 

1,350.5 

146.8 

+1,507.79 

1, 361. 66 

2, 869. 45 

*U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  136,  p.  41. 

t  Including  solids  of  perspiration  in  experiment  No.  61.   See  explanation,  p.  63. 
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The  most  strikino'  feature  of  this  table  is  the  marked  increase  in  the 
water  of  respiration  and  perspiration  in  the  work  period  of  experiment 
No.  61.  It  is  interesting  to  note  that  a  large  proportion  of  this 
increase  was  in  the  water  retained  on  the  heat-absorbing  device  and  in 
the  underclothing.  The  total  amount  in  the  outgoing  air  current 
was  by  no  means  proportionally  increased,  as  is  seen  from  the  figures  in 
column  f.  On  the  second  day,  when  the  carbon  dioxid  was  allowed  to 
accumulate  inside  the  chamber,  the  amount  of  water  residual  in  the 
chamber  at  the  end  of  the  day,  as  noted  in  column  g,  was  very  much 
larger  than  is  customary,  and  the  total  amount  in  the  outgoing  air 
current  was  a  small  fraction  of  the  usual  amount.  The  total  water  of 
respiration  and  perspiration  for  this  particular  day  amounted  to  272 
grams  as  against  2,869  grams  for  the  same  subject  on  a  work  day. 

Carbon  dioxid  eliminated. — The  fluctuations  in  the  carbon  dioxid 
eliminated,  as  shown  in  Table  40,  during  this  day  are  especially  inter- 
esting and  are  discussed  in  detail  elsewhere  (p.  258). 

T.\BLE  40. — Daily  record  of  carbon  dioxid  in  ventilating  air  current,  metabolism  experi- 
ments Nos.  60  and  61. 


Carbon  dioxid. 


(/) 


Date. 

(a) 
Total 
amount 
in  chamber 
at  end  of 
day. 

(6) 
Gain  (+) 
or  loss  (— ) 

over 
preceding 
day. 

(<•) 
Total 
amount 
absorbed 
from  out- 
coming  air. 

id) 
Amount 
exhaled 

by 

subject, 
b+  c. 

(e) 
Volume 
exhaled 

by 
subject, 
dXO.5091. 

Carbon 
in  carbon 

dioxid 
exhaled, 

1904. 

Experiment  No.  60. 
Jan.  27-28  

Grams. 
9.62 
221.  71 
24  87 

Grams. 
+  7.75 
+212.  09 
-196.  84 

Grams. 
762. 93 
549.  34 

1,004  62 

Grams. 
770.  68 
761.  43 
807.78 

Lifers. 
392.  35 
387.59 
411.  23 

Grams. 
210.  20 
207.65 
220.29 

28-29  

29-30  

Total  for  3  days  

+  2aoo 

2, 316.  89 

2, 339.  89 

1,191.17 

638. 14 

Experiment  Xo.  61. 
Jan.  :30-31  

29.50 

+    4  63 

1,  .595.  00 

1, 599.  03 

814  36 

436.25 

The  striking  features  brought  out  in  this  table  are,  in  the  first  place, 
the  small  quantity  of  carbon  dioxid,  less  than  10  grams,  in  the  cham- 
ber at  the  end  of  the  first  day,  the  large  amount,  221  grams,  in  the 
chamber  at  the  end  of  the  second  day,  and  the  fact  that  the  total 
amount  exhaled  by  the  subject  was  practically  the  same  on  the  first 
and  second  days,  although  on  the  first  day  the  percentage  of  carbon 
dioxid  in  the  air  was  very  nearly  that  of  normal  air,  while  on  the  second 
day  it  was  approximately  2  per  cent.  The  slight  difference  between 
the  two  days,  which  is  reallj^  inappreciable,  can  be  more*  than  ac- 
counted for  by  difference  in  muscular  activity.  The  increase  on  the 
third  day  is  undoubtedly  due  to  the  slightly  increased  muscular 
activity  on  the  part  of  the  subject,  which  is  manifested  by  a  small 
increase  in  the  heat  elimination  and  in  the  oxygen  consumption, 
shown  in  succeeding  tables. 
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On  the  work  day  the  amount  of  carbon  dioxid  ehminated  was  very 
much  increased,  being  almost  exactly  twice  that  on  the  last  day  of 
experiment  No.  60.  This  was  probably  wholly  due  to  the  increased 
muscular  activity. 

Oxygen  consumed. — The  data  for  the  oxygen  iised  by  the  subject  in 
these  experiments  are  given  in  Table  41. 


Table  41. — Daily  record  of  oxygen  in  ventilating  air  current  and  respiratory  quotients, 
metabolism  experiments  Nos.  60  and  61. 


Date. 

Oxygen. 

(?) 

Volume 

of 
carbon 
dioxid 
exhaled. 

(ft) 

Respira- 
tory 
quo- 
tients, 

gH- 

(a) 
Total 
amount 
in 

chamber 
at  end  of 
day. 

Gain  (+ 
(-)  ove 
ing 

(6) 
Volume. 

)  or  loss 
r  preced- 
day. 

(c) 
Weight, 
6H-0.7. 

Amount 
admitted 
to 

chamber. 

(e) 
Amount 
con- 
sumed 
by  sub- 
ject, 
d—  c. 

(/) 
Volume 

con- 
sumed, 
eXO.  7. 

1904. 

Experiment  No.  60. 

Jan.  27-28  

28-  29  

29-  30  

Total  for  3  days 
Experiment  No.  61. 
Jan.  30-31  

Liters. 

1,056. 10 
845. 10 
930.29 

Liters. 
+  70.69 
-211.00 
+  85.19 

Grams. 
+  100.99 
-301.44 
+  121.  71 

Grams. 
724.40 
325.83 
757.  43 

Grams. 
623.  41 
627.  27 
635.72 

Titers. 
436.38 
439.  09 
445.00 

Liters. 
392.35 
387.59 
411.  23 

0.899 
.883 
.924 

-  55. 12 

-  78.74 

1, 807.  66 

1, 886.  40 

1, 320.  47    1, 191. 17 

.902 

891. 29 

-  39.00 

-  55.72 

1, 253.  37 

1, 309. 09 

916.  a5 

814.36 

.889 

As  a  result  of  diminishing  the  rate  of  ventilation  on  the  second  day, 
there  was  a  diminution  of  211  liters  from  the  total  amount  of  oxj^gen 
residual  in  the  chamber  on  the  first  day.  Perhaps  the  most  inter- 
esting fact  disclosed  by  this  table  is  that  on  the  first  and  second  daj^s, 
with  such  wide  differences  in  the  carbon  dioxid  content  of  the  respired 
air,  there  were  practically  no  differences  in  the  amount  of  oxj^gen 
consumed  by  the  subject.  The  respiratory  quotient,  averaging  on 
the  rest  days  0.902,  is  what  would  normally  be  expected  from  the 
consumption  of  a  diet  such  as  was  used  in  this  experiment. 

The  quantity  of  oxygen  consumed  on  the  work  day  was  increased, 
and  in  about  the  same  proportion  as  the  carbon  dioxid  eliminated, 
there  being  practically  twice  as  much  oxygen  consumed  on  the  work 
day  as  on  the  last  rest  day.  The  respiratory  quotient  is  somewhat 
lower  than  on  the  rest  days,  which  is  whollj^  in  accord  with  the 
presence  of  the  increased  amount  of  fat  in  the  diet. 

Calorimetric  measurements. — The  muscular  activity  on  the  three 
days  of  experiment  No.  60  was  very  nearly  uniform  and  the  amount 
of  heat  eliminated  was  much  the  same  each  day,  as  shown  in  Table  42. 
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Table  42. — Summary  of  calonmetrir  vicasurements,  metabolism  expenments  Nos.  GO 

and  61. 


Date. 

(a) 

Heat  meas- 
ured in 
terms  Ca  . 

(6) 

Change 
of  tem- 
perature 
of  calori- 
meter. 

(c) 
Capacity 
correc- 
tion of 
calori- 
meter, 
6X60 

(d) 

Correc- 
tion due 
to  tem- 
perature 

of  food 
and 

dislie.s. 

(e) 
Water 
vaporized 

equals 
total  in  out- 
going air 
plus  excess 
residual 
vapor. 

(/) 

Heat  used 
in  vapori- 
zation of 
water, 
ex  0.592. 

Total 
hea  t  de- 
termined, 
a+c+d+f. 

1904. 

Experiment  No.  60. 
Jan.  27  

Calories. 
1,645. 16 
2,037.22 
1,605. 11 

Degrees. 

Calories. 

Calories. 
+  0.10 
+  8.60 
-F  6. 13 

Grams. 
959. 54 
272. 15 

1,099. 69 

Calories. 
568. 05 
161. 11 
651. 02 

Calories. 
2,213. 31 
2, 200. 93 
2, 269. 46 

28  

-0. 10 
-1-  .12 

-6.00 
-1-7.20 

29  

Total  for  3  days. . 
Experiment  Xo.  61. 
Jan.  30  

5,287.49 

-t-  .02 

-1-1.20 

-1-14.83 

2,331.38 

1,380. 18 

6, 683.  70 

3, 716. 25 

-  .12 

-7.20 

+43. 67 

1,372. 15 

812.31 

4,  .565.  OS 

The  total  heat  eliminated  ranged  from  2,200  calories  on  the  second 
day  to  2,269  on  the  third  day,  the  agreement  betw'een  the  three  days 
being  very  satisfactory.  On  the  work  day  the  elimination  of  heat 
was  practically  twice  that  on  the  rest  day. 

Gains  and  losses  of  elements. — The  gains  and  losses  of  elements  in  the 
rest  experiment  No.  60  and  the  work  experiment  No.  61  are  given  in 
Table  43. 


Table  4.3. — Gains  and  losses  of  elements  to  the  body,  metabolism  experiments  Nos.  60 

and  61. 


Date. 

Total 
weight. 

Nitro- 
gen. 

Carbon. 

Hydro- 
gen. 

Oxygen. 

Ash.  a 

1904. 

Experiment  No.  60. 

Jan.  27-28: 

Total  income  

Gain  (-t-)  or  loss  (— )  

Grams. 
3,009.41 
2, 964.  42 

Grams. 
16.33 
18.17 

Grams. 
250.  07 
238.22 

Grams. 
244.  .33 
240.50 

Grams. 
2, 482.  48 
2. 446. 06 

Grams. 
16.20 
21.47 

-1-  '»4.99 
-  .17 

-1.84 

4-  11.85 

-1-  .3.83 

-1-  36.42 

-5. 27 

Jan.  28-29: 

Total  mcorae  

+  44.82 

2, 907. 27 
2, 167. 18 

17.02 
16.46 

250. 10 
234. 16 

232.63 
152.  59 

2, 391.  42 
1,743.96 

16. 10 
20. 01 

Gain  (+)  or  loss  (— )  

A.sh  of  protein  lost  

-1-740.09 
+  .05 

-1-  .56 

+  15.94 

4-80. 04 

-1-647.  40 

-3.91 

Jan.  29-30: 

Total  outgo  

Gain        orlo.ss,(— )  

-1-740.14 

2,915.72 
3, 508. 07 

17.02 
17.67 

250. 10 
247.  87 

232. 63 
295.  42 

2, 399. 87 
2.921.73 

16.10 
25.38 

-.592.  35 
-  .06 

-  .65 

+  2.23 

-62.79 

-521.86 

-9.28 

-592.41 

 1  

"A.sh  considered  an  element. 
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Table  43. — Gains  and  losses  of  elements  to  the  body,  metabolism  experiments  Nos.  60 

and  61 — Continued. 


Date. 

Total 
weight. 

Nitro- 
gen. 

Carbon. 

Hydro- 
gen. 

Oxygen. 

Ash. 

1904. 

Experiment  No.  61. 

Jan.  30-31 : 

Total  income  

Total  outgo  

Gain  (+)  or  loss  (— )  

Ash  of  protein  lost  

- 

Grams. 
4,830.09 
5, 498. 27 

Grams. 
16.52 
18.  89 

Grams, 
341.  40 
464.  55 

Grams. 
371.16 
431.  30 

Grams. 
4,082.71 
4, 563.  90 

Grams. 
18.30 
19.  63 

-668. 18 
-  .22 

-2.  37 

-123. 15 

-60. 14 

-481. 19 

-1.33 
-  ,22 

-668.40 

-1.  .55 

The  subject  was  nearly  in  nitrogen  equilibrium,  there  being  on 
the  whole  a  slight  loss  of  nitrogen.  There  was  a  gain  of  carbon, 
hydrogen,  and  oxygen,  and  a  marked  loss  of  ash.  In  experiment 
No.  61  there  was  a  marked  loss  of  carbon,  hydrogen,  and  oxygen, 
and  a  slight  loss  of  nitrogen  and  ash. 

Gains  and  losses  of  nutrients. — The  gains  and  losses  of  compounds  as 
computed  from  those  of  elements  are  shown  in  Table  44. 


Table  44. — Gains  and  losses  of  compounds  to  the  body,  metabolism  experiments  Nos.  60 

and  61. 


Date. 

Protein. 

Fat. 

Carbo- 
hydrates. 

Water. 

1904. 

Experiment  No.  60. 
Jan.  27-28  

Grams. 
-IL  04 
+  3.36 
-  3.90 

Grams. 
-  2.73 
-16. 03 
+30. 19 

Grams. 
+  44.50 
+  59.56 
-  42.25 

Grams. 
+  19.36 
+  697. 16 
-567.17 

28-29  

29-30  

Total  for  3  days  

Average  per  day  

Experiment  No.  61. 
Jan.  30-31  

-11.58 

+  11.43 

+  61.81 

+  149.  35 

-  3.86 

+  3.81 

+  20.60 

+  49.78 

-14. 22 

+  9.85 

-277.40 

-385. 30 

In  the  rest  experiment  No.  60  the  body  was  as  a  whole  approximately 
in  equilibrium.  On  the  average  for  the  three  days  there  was  a  loss  of 
3.86  grams  of  protein  and  a  gain  of  3.81  grams  of  fat,  20.60  grams  of 
carbohydrates,  and  49.78  grams  of  water.  Thus  the  diet  was  appar- 
ently slightly  deficient  in  protein,  but  contained  sufficient  fats  and 
carbohydrates  to  provide  for  a  slight  storage  of  these  nutrients.  On 
the  contrary,  in  experiment  No.  61,  with  severe  w^ork,  the  diet  was 
evidently  considerably  deficient,  for  wliile  there  was  a  slight  loss  of 
protein  and  a  slight  gain  of  fat,  there  was  a  very  large  loss  of  carbo- 
hydrates and  water.  It  would  be  interesting  to  know  to  what  extent 
this  condition  was  affected  by  lack  of  preliminary  training  by  the  sub- 
ject for  the  performance  of  this  particular  kind  of  muscular  exercise, 
but  suitable  experiments  with  him  are  lacking  for  the  comparison. 
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Income  and  outgo  of  energy. — The  computations  of  the  income  and 
outgo  of  energy  in  experiments  Nos.  60  and  61  are  given  in  Table  45, 
showing  the  available  energy  of  the  food,  the  energy  from  the  body 
material  gained  or  lost,  and  the  estimated  energy  from  material  oxi- 
dized in  the  body  as  compared  with  the  heat  measured. 


Table  45. — Income  and  outgo  of  energy,  metabolism  experiments  Nos.  60  and  61. 


Date. 

Heat  of  combus- 
tion of  food  and 
excreta  as  deter- 
mined by  use  of 
bomb  calorimeter. 

Available   energy   from  -r- 
food,  £j=a-(6+c). 

Heat  of  combus- 
tion of  body 
material  gained 
(+)  or  lost  (-) 
as  calculated 
by  use  of  factors.  * 

Total  energy  from  body  ^ 
material  gained  (+)  or  b-. 
lost  (-),e+/+^. 

Estimated  energy  from 
material  oxidized  in  the  3 
body,  d—h. 

Heat  measured  by  the 
respiration  calorimeter.  -S 

Heat  meas- 
ured greater 
(+)  or  less 
(— )  than 
heat  esti- 
mated. 

(a) 

•d 
o 
o 

(6) 

w 
o 

(c) 

•g 

(e) 

d 
'S 
+j 
o 

IH 

fin 

(/) 

(9) 
d 

bo 
o 

3 

(/) 

^  1 

(m) 
a  ■ 

o 

O  .1. 

o 
t-i 
Ph 

1904. 

Experiment  No.  60. 

Jan.  27  

28  

29  

Total  for  3  days  

Average  per  day  

Experiment  iVo.  61. 

Cals. 
2,507 
2,511 
2,511 

Cals. 
132 
132 
132 

Cals. 
136 
118 
135 

Cals. 
2,2.39 
2,261 
2,244 

Cals. 
-62 
+  19 
-22 

Cals. 
-  26 
-153 
+288 

Cals. 
+  186 
+  250 
-  177 

Cals. 
+  98 
+  116 
+  89 

Cals. 
2,141 
2,145 
2,155 

Cals. 
2,213 
2,201 
2,269 

Cals. 
+  72 
+  56 
+114 

P.  ct. 
+3.3 
+2.5 
+5.0 

7,529 

396 

389 

6,744 

-65 

+109 

+  259 

+  303 

6, 441 

6,683 

+242 

2,509 

132 

129 

2,248 

-21 

+  36 

+  86 

+  101 

2,147 

2,228 

+  81 

+3.6 

3,614 

161 

138 

3,315 

-80 

+  94 

-1,162 

-1,148 

4,463 

4, 565 

+102 

+  2.2 

*  Protein  5.65,  fat  9.54,  and  glycogen  4.19  calories  per  gram. 


The  agreement  between  the  estimated  and  the  measured  energy  is 
on  the  whole  less  satisfactory  than  in  any  experiment  thus  far  made. 
On  all  four  days  of  the  experiments  the  heat  measured  by  the  calo- 
rimeter was  greater  than  that  estimated  to  have  been  oxidized  in  the 
body.  The  average  percentage  error  on  the  first  three  days  amounted 
to  3.6  per  cent,  and  on  the  work  day  it  was  2.2  per  cent.  The  reason 
for  the  wide  discrepancies  that  appear  in  the  rest  experiment  is  not 
clear.  Possibly  they  were  due  at  least  in  part  to  the  marked  change 
in  diet  demanded  by  the  subject,  in  consequence  of  which  the  quanti- 
ties of  material  in  the  alimentary  tract  at  the  beginning  and  end  of  the 
experiment  were  not-  alike,  since  there  was  not  time  enough  to  secure 
equilil)rium;  and  in  experiment  No.  61  the  separation  of  feces  for  one 
day  may  not  have  been  as  satisfactory  as  it  appeared. 

Before  the  experiments  were  completed  it  had  been  decided  that  the 
temperament  of  the  subject  and  his  dietetic  habits  were  such  as  to  ren- 
der it  inadvisable  to  use  him  as  a  subject  for  other  experiments. 

METABOLISM  EXPERIMENTS  NOS.  62-67. 

This  series  of  experiments  was  made  to  study  (1)  the  relative  effect 
of  fats  and  carbohydrates  as  sources  of  energy  for  muscular  work; 
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(2)  the  effect  of  severe  and  prolonged  work  upon  metabolism;  (3)  the 
metabolism  of  matter  and  energy  by  the  subject  when  operating  the 
bicycle  ergometer  with  no  resistance  applied  by  the  brake,  and  (4)  the 
metabolism  by  the  subject  when  at  rest.  This  was  the  first  time  this 
subject  had  been  used  in  these  investigations,  but  inasmuch  as  the 
season  was  advancing  it  was  considered  best  not  to  make  a  special 
experiment  to  determine  his  resting  metabolism  first,  as  had  been 
customary  with  preceding  subjects,  but  to  begin  with  the  work 
experiment.  Accordingly  the  four  preliminary  days  were  spent  by 
the  subject  accustoming  himself  to  the  use  of  the  bicycle  ergometer 
and  to  the  degree  of  muscular  exercise  required  in  experiments  of  this 
character.  He  entered  the  respiration  chamber  at  5  p.  m.  of  April 
15,  1904,  the  fourth  preliminary  day,  and  remained  there  continu- 
ously until  7  a.  m.  of  April  27.  The  period  of  eleven  days  in  the 
calorimeter  was  divided  into  the  six  experiments  of  this  series,  accord- 
ing to  differences  in  diet  and  muscular  activity. 

Experiment  No.  62  consisted  of  the  first  three  days  of  the  period, 
on  which  the  subject  consumed  a  carbohydrate  diet  and  performed  a 
given  amount  of  work  each  day  on  the  ergometer.  On  the  next  three 
days,  which  comprise  experiment  No.  63,  he  did  the  same  amount  of 
work  while  subsisting  on  a  fat  diet. 

Previous  to  the  beginning  of  this  series  of  experiments  there  had 
been  installed  in  the  respiration  calorimeter  a  device"  by  means  of 
which  the  weights  of  the  subject,  his  clothing,  the  bed  coverings,  the 
heat-absorbing  system,  and  other  articles  in  the  chamber  that  had 
hitherto  been  weighed  by  the  subject  inside  the  caloruneter  could  now 
be  weighed  by  the  observers  on  the  outside.  The  use  of  this  device 
necessitated  some  changes  in  the  usual  programme  of  the  experiments. 
On  the  evening  of  the  last  preliminary  day  the  subject  entered  the 
calorimeter  much  earlier  than  had  been  the  custom  in  previous  experi- 
m-ents,  and  spent  the  time  in  drill  in  the  routine  of  weighing  and  of 
other  acts  that  would  be  required  of  him.  A  tentative  programme 
was  provided  for  the  subject  to  follow  on  the  first  day,  and  record  was 
kept  of  his  movements  on  this  day.  From  these  a  schedule  was  pre- 
pared, including  as  many  of  his  movements  as  possible,  but  especially 
the  major  movements,  and  the  subject  was  requested  to  conform  to 
this  as  closely  as  practicable  on  the  other  two  days  of  experiment  No. 
62,  and  on  the  three  days  of  experiment  No.  63,  in  order  that  there 
might  be  more  or  less  imiformity  in  the  muscular  activity  on  the 
different  days  of  the  experiments  that  were  to  be  compared.  The 
programme  that  was  followed  during  these  two  experiments  is  given 
in  Table  46. 

"Carnegie  Inst.  Washington  Pub.  42,  p.  158. 
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Table  46. — Daily  programme,  metabolism  experiments  Nos.  62  and  6S. 


7  a.  m   Get  up;  arrange  bed  and  chair; 

sit  in  chair. 

7.05  a.  m   Finjsh  weighing;  put  clothes  in 

.  ]  chair. 

7.05^  a.  m  1  Put  on  .slippers;  if  possible,  don't 

touch  chair. 
7.07  a.  m  '  Adjust  absorbers. 

7.11  a.  m   Arrange  bed;  take  temperature; 

pass  urine  in  jar  4;  dress  self. 
7.20  a.  m   Sit. 

7.24  a.  m  I  Set  up  table;  stand. 

7.28  a.  m  I  Attend  to  articles  at  food  aper- 
ture. 

7.32  a.  m  I  Sit. 

7.40  a.  m  '  Open  food  aperture;  sit. 

7.46  a.  m   Eat. 

7.54  a.  m  '  Open  food  aperture. 

8.12  a.  ni  j  Finish  eating;  put  away  dishes. 

8.16  a.  m   Move  about;  get  out  wheel. 

8.22  a.  m   Remove  clothes. 

8.25  a.  m   Set  counter  and  inspect  string. 

8.26  a.  m   Lower  shields;  get  on  wheel. 

8.30  a.  m   Begin  work. 

10  a.  m   Stop  work;  take  temperature. 

10.03  a.  ni   Open   food   aperture;    put  on 

'     clothes;  sit. 

10.15  a.  m   Open  food  aperture  and  pass  out 

dishes  and  bottles;  pass  out 
urine  jar  4  of  day  before. 

10.26  a.  m   Prepare  for  riding". 

10.;30  a.  in   Begin  work. 


12  m  

1.01  p.  m. 
1.03  p.  m. 

1.05  p.  m. 
1.50  p.  m. 
2  p.  m. . . 
3.30  p.  m. 

3.35  p.  m. 

4.02  p.  m. 

4.06  p.  m. 

5.36  p.  m. 
5.38  p.  m. 

5.44  p.  m. 

5.45  p.  m. 

5.46  p.  m. 
5..52  p.  m. 
6.05  p.  m. 

6.26  p.  m. 
6.36  p.  m. 
7.02  p.  m. 

7.48  p.  m. 
10.02  p.  m 
10..50  p.  m 

11  p.  m . . 


Stop  work;  put  on  clothes;  sit 

till  1  p.  m. 
Take  temperature. 
Pass  urine  in  jar  1. 
Open  food  aperture;  eat. 
Collect  drip;  prepare  to  ride. 
Begin  work. 

Stop  work;  put  on  clothes;  open 

food  aperture. 
Sit. 

Prepare  to  ride;  take  tempera- 
ture. 
Begin  work. 

Stop  work;  put  up  wheel. 
Change  underclothes. 
Open  food  aperture;  drink. 
Sit. 

Rise  and  put  on  clothes. 
Sit. 

Open  food  aperture;  move  about; 
sit. 

Get  supper;  open  food  aperture. 
Eat  supper. 

Pass  urine  in  jar  2;  take  tempera- 
ture. 

Move  about;  sit. 

Take  temperature. 

Collect  drip;  pass  urine  in  jar  3; 
prepare  for  bed. 

Go  to  bed. 


Experiment  No.  64  covered  only  the  seventh  day  of  the  period. 
The  diet  was  the  same  as  in  No.  63,  but  the  amount  of  work  was 
over  twice  that  on  each  of  the  preceding  daj'S.  It  was  not  prac- 
ticable for  the  subject  to  follow  the  same  programme  as  in  experi- 
ments Nos.  62  and  63.  The  working  periods  were  different,  and 
the}"^  continued  into  the  night,  so  that  the  period  of  sleep  was  shorter. 
The  schedule  of  the  major  movements  on  this  day,  as  shown  by  the 
observer's  records,  was  as  follows: 

Table  47. — Routine  followed  by  the  subject  in  metabolism  experiment  No.  64. 


7  a.m  

7.05  a.  m  

7.16  a.  m  

7.20  a.  m  

7.30  a.  m  

7.58  a.  m  

8.01  a.  m  

10.01  a.  m  

10.02  a.  m  

10.08  a.  m  

10.24  a.  m.... 

10.31  a.  m  

12  m  

12.02  p.  m.... 

1.06  p.  m  

1.16  p.  m  

1.28  p.  m  .... 

1.30  p.  m  

3..30  p.  m  

4.04  p.  m  

4.26  p.  m  

4.28  p.  m  

6  p.  m  

6.02  p.  m  


Rise. 
Weigh. 

Take  temperature. 

Dress. 

Breakfast. 

Prepare  to  ride;  remove  clothing 

Begin  work. 

Stop  work. 

Take  temperature. 

Dress. 

Collect  drip:  remove  clothing. 
Start  work. 
Stop  work. 
Dress. 

Take  temperature. 
Dinner. 

Collect  drip;  remove  clothing. 

Begin  work. 

Stop  work;  dress. 

Take  temperature. 

Prepare  to  ride;  remove  clothing. 

Start  work. 

Stop  work. 

Dress. 


7.04  p.  m   Take  temperature. 

7.09  p.  m   Prepare  to  ride;  remove  clothing. 

7.10  p.  m   Begin  work. 

8.31  p.  m  '  Stop  work. 

8.;56  p.  m   Dress. 

8.37  p.  ra   Collect  drip. 

9.14  p.  m   Prepare  to  ride;  remove  clothing. 

9.16  p.  m   Start  work. 

10.16  p.  m  [  Stop  work. 

10.18  p.  m  I  Take  temperature. 

10.24  p.  m  j  Dress. 

10.56  p.  m  1  Prepare  to  ride;  remove  clothing. 

11.01  p.  m  I  Start  work. 

11.46  p.  m  '  Slopwork;  dress. 

1  a.  m  j  Prepare  to  ride. 

1.03  a.  m  '  Start  work. 

1.31  a.  m   Stop  work. 

1..32  a.  m   Dress. 

2.28  a.  ni  \  Prepare  to  ride;  remove  clothing. 

2.;i2  a.  m  i  Begin  work. 

3.01  a.  m  '  Stop  work. 

3.02  a.  m   Collect  drip. 

3.06  a.  m  I  Change  underclothes. 

3.20  a.  m  I  Sleep. 


On  the  eighth  day  of  the  period,  which  comprises  experiment  No. 
65,  the  diet  was  considerably  reduced  and  the  subject  spent  much  of 
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the  time  resting-  and  sleeping  after  the  exhaustive  work  of  the  previ- 
ous day.  The  observer's  record  of  his  activity  during  the  day  is 
shown  in  Table  48. 

Table  48. — Record  of  movements  in  experiment  No.  65.  ' 


Rise. 
Weigh. 

Take  temperature. 

Breakfast. 

Arrange  bed. 

In  bed. 

Rise. 

Lie  down. 

Rise. 

Take  temperature. 

Lie  down. 

Read. 

Rise. 

Supper. 


7.24  p.  m. 
8.08  p.  m. 
8.10  p.  m. 
8.20  p.  m. 
9.10  p.  m. 
9.12  p.  m. 
9.28  p.  m. 
9.40  p.  m. 
9.42  p.  m. 
10  p.  m... 
10.04  p.  m 
11.08  p. m 
11.12  p. m 


Lie  down. 
Rise. 
Lie  down. 
Luncli. 
Rise  in  bed. 
Lie  down. 
Sit  up. 

Sit  up  in  bed  and  read. 
Drink. 

Take  temperature. 
Sit  up  in  bed  and  read. 
Prepare  for  bed. 
Curtain  up;  in  bed. 


Experiments  Nos.  66  and  67  were  designed  especially  to  give  infor- 
mation regarding  the  amount  of  work  incidental  to  the  use  of  the 
bicycle  ergometer,  aside  from  that  necessary  to  overcome  the  resistance 
applied  by  the  electric  brake.  During  the  first  of  these  two  experi- 
ments, i.  e.,  No.  66,  which  covered  the  ninth  day  of  the  period,  the 
subject  performed  all  the  actions  necessary  to  the  preparation  of 
himself  and  the  ergometer  for  work  at  the  usual  periods,  but  did  not 
actually  work  upon  it;  that  is,  he  removed  his  clothing,  placed  the 
machine  in  position  for  riding,  and  mounted,  then  dismounted,  put 
away  the  ergometer,  dressed  himself,  and  spent  the  remainder  of  the 
period  as  in  an  ordinary  rest  experiment.  The  major  movements 
during  this  day  are  shown  in  the  following  schedule : 

Table  49. — Record  of  movements  in  experiment  No.  66. 


7  a.  m  

7.05  a.  m. 
7.12  a.  m. 
7.16  a.  m. 
7.20  a.  m. 
7.36  a.  m. 
8.20  a.  m. 
8.24  a.  m. 
8.26  a.  m. 
'8.32  a.  m. 
8.34  a.  m. 
10.28  a.  m- 

10.32  a.  m 
10.34  a.  m 
1.12  p.  m. 
1..54  p.  m. 
2  p.  m  


Rise. 
Weigh. 

Take  temperature. 
Put  up  table. 
Dress. 
Breakfast. 

Prepare  to  ride;  remove  clothing. 
Lower  and  raise  shields. 
Get  on  wheel. 
Off  wheel;  dress. 
Sit  down. 

Prepare  to  ride;  remove  clothing; 

get  on  wheel. 
Off  wheel;  dress. 
Sit  down. 
Dinner. 
Collect  drip. 

Prepare  to  ride;  remove  clothing; 
get  on  wheel;  off  wheel;  dress; 
sit  down. 


4.00  p.  m. 

5.30  p.  m. 

5.38  p.  m. 
0.36  p.  m. 
7.00  p.  m. 
7.02  p.  m. 
7.10  p.  m. 

10  p.  m... 
10.12  p.  m 
10.50  p.  m 
10.52  p.  m 

11  p.  m... 


Prepare  to  ride;  remove  clothing; 

take  temperature;  get  on  wheel; 

off  wheel;  dress;  sit  down. 
Prepare  to  ride;  remove  clothing; 

get  on  wheel;  off  wheel;  dress. 
Sit  down. 
Read. 
Rise. 

Take  temperature. 
Read. 

Take  temperature. 
Read. 

Collect  drip. 
Prepare  for  bed. 
Curtain  up;  in  bed. 


On  the  last  two  days  of  the  period,  experiment  No.  67,  the  subject 
actually  rode  the  bicycle  ergometer,  but  there  was  no  current  passing 
through  the  electro-magnet  and  consequently  there  was  no  resistance 
to  the  revolution  of  the  disk  except  that  due  to  the  bearings,  etc.,  of 
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the  machine  itself.  The  schedule  of  the  activities  of  the  suliject  dur- 
ing  each  of  these  two  days  is  shown  in  Tahle  50. 

Table  50. — Record  of  movements  in  experiment  No.  67. 


7  a.  m  

7.05  a.  m  

7.12  a.  m  

7.16  a.  m  

7.20  a.  m  

7.44  a.  m  

8.02  a.  m  

8.14  a.  m  

8.20  a.  m  

8.30  a.  m  

10  a.  m  

10.02  a.  III.... 

lO.Oti  a.  m  

10.24  a.  m.... 
10.20  a.  m.... 

10..30  a.  m  

12  111  

12.04  p.  m  

1.10  p.  Ill  

1.52  p.  m  


Rise. 
Weigh. 

Talte  temperaturt'. 

Dress. 

Sit  down. 

Breakfast. 

Read. 

Prepare  to  ride;  remove  clothing. 
Get  on  wheel. 
Begin  to  ride. 
Stop. 

Take  temperature. 
Dress. 

Prepare  to  ride;  dress. 

Get  on  wheel. 

Begin  to  ride. 

Stop;  dress. 

Sit  down  and  read. 

Dinner. 

Prepare  to  ride;  remove  clothing; 
get  on  wheel. 


2  p.  m  

3.30  p.  m.. 
3.32  p.  m. . 
3.34  p.  m.. 
4.02  p.  m.. 
4.04  p.  m. . 
4.06  p.  m.. 
5.25  p.  ni. . 
5.28  p.  m.. 
5.32  p.  in.. 
5.34  p.  111.. 
6.14  p.  m.. 
0.28  p. in.. 
7.14  p.  m.. 
10.04  p.  in. 
10.08  p.  ni. 
10.54  p.  m. 
11  p.  m  


Begin  to  ride. 

Stop. 

Dress. 

Sit  down  and  read. 

Prepare  toriile;  remove  clothing. 

Take  tcnii)crntiire. 

Begin  to  ridi'. 

Stop. 

Change  underclotlies. 
Dress. 

Sit  down  and  read. 
Raise  shields. 
Supper. 
Read. 

Take  temperature. 
Read. 

Prepare  for  bed. 
Curtain  up;  in  bed. 


Food,  feces,  and  urine. — The  diet  in  these  experiments  was  varied 
in  accordance  with  the  nature  of  each  of  the  different  experiments 
so  as  to  furnish  the  energy  required  by  the  body  under  different  cir- 
cumstances. The  usual  data  regarding  the  composition  and  heat  of 
combustion  of  the  food,  feces,  and  urine  are  given  in  Table  51. 

T.\BLE  51. — Percentage  composition  and  heat  of  combustion  per  gram  of  food  materials, 
feces,  and  urine,  metabolism  experiments  Nos.  62-67. 


Lal)0- 
ratory 
No. 

Kind  of  material. 

Water. 

Pro- 
tein. 

Fat. 

Car- 
bohy- 
drates. 

Ash. 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Heat  of 
com- 
bus- 
tion per 
gram. 

Experiments  Nos.6B-67. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Cats. 

3769 

Prepared  cereal  

5.0 

12.3 

0.7 

80. 1 

1.9 

2. 15 

42. 84 

5. 63 

4.200 

3770 

 do  

7.6 

11.0 

1.4 

77.7 

2.3 

1. 93 

41.  46 

5.32 

4.058 

.3771 

Graham  erackers  

3.2 

G.  4 

1.3.5 

74.7 

2.2 

1.12 

46.62 

6.46 

4.  755 

3772 

White  crixckcrs  

6.1 

7.6 

14.2 

70..9 

1.2 

1.  .33 

46.20 

6. 19 

4.  742 

3773 

Phismon  

9.8 

74.5 

.1 

6.9 

8.7 

11.92 

44.  21 

5.05 

4.  829 

3774 

Milk  sugar  

5.0 

95.0 

;«  99 

0.15 
6.48 

3.743 

Cane  sugar  

100.0 

42.10 

3.960 

3775 

Shredded  wheat  

9.4 

10.0 

1.7 

77.2 

1.7 

1.76 

40.94 

4.93 

4. 023 

3776 

Beef  tea  

99.0 

.5 

.5 

.09 

.28 

.04 

.028 

Experiment  No.  62. 

3777 

Modified  milk  

82.5 

2.9 

9.0 

4.9 

.  7 

.47 

10.09 

1.58 

1. 177 

3778 

 do  

81.5 

2.9 

10.3 

4.6 

.  7 

.46 

11. 18 

1.77 

1.295 

3779 

 do  

79.8 

2.9 

11.8 

4.8 

.7 

.47 

12.38 

1. 95 

1.  440 

3794 

Feces  

76.2 

7.3 

2.3 

9.8 

4.4 

1.16 

10.82 

1.39 

1.  150 

3799 

90.8 

1.3 

2.70 

2. 19 

.52 

.234 

3799 

Urine,  second  ilayu  

90.8 

1.3 

2.76 

2.24 

.53 

.237 

3799 

Urine,  third  dav"  

90.8 

1.3. 

2.43 

1.97 

.47 

.200 

Experiments  Nos.  G3-6i. 

3781 

Modified  cream  

63.2 

2.3 

27.8 

6.1 

.6 

.37 

25.40 

4.00 

.3.080 

3782 

 do  

72.4 

2.8 

20.2 

4.0 

.6 

.44 

18.  24 

2.  85 

2.  183 

3783 

 do  

75.5 

2.6 

17.3 

3.9 

.7 

.42 

15.  77 

2.50 

1.912 

3784 

 do  

82.2 

2.9 

9.6 

4.6 

.7 

.47 

10.50 

1.05 

1.229 

3786 

Skim  milk  

91.2 

3.0 

.1 

4.9 

.8 

.48 

3.94 

.59 

.367 

3787 

 do  

90.6 

3.2 

.  1 

5.3 

.8 

.52 

3.85 

.57 

.400 

3''95 

Feces  

73. 1 

4.8 

4.  4 

11.3 

6.4 

.76 

13.57 

2. 03 

1.581 

3800 

Urine,  first  dav  

1.3 

1.48 

1. 12 

.30 

.  118 

3800 
3800 
3805 

Urine,  second  day"  

Urine,  third  dav"  

95.3 
95.  3 
94.7 

1.3 
1.3 
1. 1 

1.05 
1.08 
1.38 

.79 
.82 
1.03 

.21 
.22 
.29 

.080 
.080 
.  113 

Urine,  fourth  Uav  

a  Heat  of  combustion  and  nitrogen  determined  from  daily  samples;  other  determinations  made  from 
composite  sample  and  apportioned  among  the  days  according  to  nitrogen  content. 
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Table  51. — Percentage  composition  and  heat  of  combustion  per  gram  of  food  materials, 
feces,  and  urine,  metabolism  experiments  Nos.  62-67 — Continued. 


Labo- 
ratory 
No. 

Kind  of  material. 

Water. 

irVO- 

tein. 

Fat. 

Car- 
bohy- 
drates. 

Ash. 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Heat  of 
com- 
bus- 
tion per 
gram. 

Experiments  Nos.  65-67. 

■ 

Perct 

PeT  ct. 

Per  ct 

PCT  ct. 

PcT  ct. 

PcT  ct. 

JPCT  ct . 

Cuts. 

3789 

Sldm  milli:  

3.3' 

0.1 

5.5 

0.8 

0.52 

3.94 

0.59 

0.400 

3790 

 do  

90.5 

3.3 

.1 

5.4 

.7 

.52 

3.96 

.59 

.394 

3791 

 do  

90.0 

3.3 

.1 

5.8 

.8 

.52 

3.93 

.59 

.394 

3796 

Feces  

74.3 

6.3 

2.1 

7.9 

9.4 

1.02 

9.71 

1.32 

1.093 

3801 

Urine,  first  day  

94.2 

.9 

2.  22 

1.48 

.39 

.162 

3801 
3801 
3801 

Urine,  second  day  "  

94.2 
94.2 
94.2 

.9 
.9 
.9 

2. 14 
1.  71 
1.22 

1.43 
1.14 
.81 

.37 
.30 
.21 

.  151 
.128 
.091 

Urine,  third  day  

Urine,  fourth  dava  

a  Heat  of  combustion  and  nitrogen  determined  from  daily  samples;  other  determinations  made  from 
composite  sample  and  apportioned  among  the  days  according  to  nitrogen  content. 


The  modified  milk  and  modified  cream  used  in  these  experiments 
need  some  explanation.  In  the  earlier  experiments  difficulty  was 
experienced  in  making  up  a  palatable  diet  with  a  total  energy  value 
of  5,000  calories  per  daj^,  one-half  to  two-thirds  of  which  was  derived 
from  fat.  Large  amounts  of  butter  were  used,  but  it  was  found  that 
the  subject  could  not  consume  enough  of  this  material  to  supply  more 
than  50  per  cent  of  the  total  energy  required.  As  a  source  of  energ)^ 
where  fat  is  required,  cream  is  by  far  the  best  material  we  have  thus 
far  used.  It  is  easilj^  digested,  well  assimilated  by  most  subjects, 
and.  when  properly  handled  can  be  very  satisfactorily  sampled  when 
not  too  rich  in  fat.  It  is  possible  to  obtain  cream  with  a  fat  content 
of  30  per  cent  or  even  more,  but  it  has  been  found  impracticable  to 
use  such  rich  cream  in  these  experiments,  owing  to  the  difficulty  in 
sampling.  The  best  method  is  to  use  a  form  of  modified  cream  or 
modified  milk. 

Wliole  milk  and  cream  are  first  subjected  to  the  Babcock  test  to 
determme  their  fat  content  approximately,  and  these  are  then  blended 
in  such  quantities  as  to  give  the  desired  proportion  of  fat  in  the  mix- 
ture according  to  the  amount  of  energy  to  be  supplied  b}^  the  quantity 
of  the  modffied  milk  or  cream  that  is  to  be  given  to  the  subject.  It 
has  been  found  more  satisfactory  to  use  modified  cream  with  not  over 
15  to  20  per  cent  of  fat.  After  the  milk  and  cream  have  been  blended 
the  mixture  is  again  tested  by  the  Babcock  method.  The  proportions 
of  fat  as  thus  determined,  however,  are  used  only  as  tests  of  the 
results  of  the  blending  of  milk  and  cream,  the  actual  fat  content  of 
the  mixture  finally  used  bemg  determined  b}'  the  usual  method  of 
analysis. 

Preparation  of  sample  for  nitrogen  determination. — The  nitrogen 
content  of  milk  or  cream  from  the  mixed  product  of  a  herd  of  cows  is 
fairly  uniform  from  day  to  day,  at  least  sufficiently  constant  for  the 
preliminary  calculations  where  the  amount  of  nitrogen  supplied  to  the 
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subject  is  to  be  controlled ,  as  well  as  the  amount  of  energy.  The  final 
determination  of  the  nitrogen  of  the  milk  and  cream  used,  however, 
is  made,  as  previously  explained,  by  the  Kjeldahl  method.  For  this 
purpose  we  use  the  sample  of  milk  or  cream  with  which  the  final  Bab- 
cock  test  is  made.  In  making  the  fat  determination  three  Babcock 
test  bottles  are  cleaned  and  dried  and  at  least  one  of  them  is  weighed. 
The  regulation  quantity  of  modified  milk  is  then  delivered  into  each 
from  the  standard  milk  pipette  (i.  e.,  17.6  cubic  centimeters)  and  the 
increase  in  weight  of  at  least  one  of  the  bottles  is  ascertained.  The 
other  two  bottles  are  also  weighed  again  if  it  seems  necessary,  but  it 
has  been  found  by  experience  that  in  general  the  weights  of  the  differ- 
ent samples  of  milk  as  delivered  from  the  same  pipette  under  the  same 
conditions  agree  very  closely,  and  consequently  it  is  not  necessary  to 
weigh  all  three  of  the  bottles  when  the  precautions  in  sampling  men- 
tioned below  have  been  observed.  The  fat  in  the  samples  in  the  three 
bottles  is  then  determined  by  the  usual  Babcock  method,  adding  17.5 
cubic  centimeters  of  sulphuric  acid  with  a  specific  gravity  of  1.82. 
After  the  proportion  of  fat  in  the  sample  has  been  read  for  the  final 
test  mentioned  above,  the  fat  is  withdrawn  from  the  neck  of  the  bottle 
and  the  fat-free  material  used  in  the  Kjeldahl  determination.  The 
fat  is  removed  by  means  of  a  U  tube  of  small  caliber,  one  end  of  which 
is  drawn  out  to  a  fine  point  and  the  other  end  is  passed  through  a 
rubber  stopper  into  a  small  flask.  A  second  tube  through  another 
liole  in  the  stopper  is  connected  by  a  piece  of  rubber  tubing  with  a 
suction  pump.  The  pointed  end  of  the  U  tube  is  inserted  near  the 
top  of  the  fat,  and  gradually  lowered  until  alHs  removed  as  far  as  the 
upper  surface  of  the  licpiid  beneath  the  fat.  It  is  best  to  introduce  a 
T  tube  in  the  rubber  tubing  between  the  suction  pump  and  the  small 
exhaustion  flask,  so  that  the  open  arm  of  the  T  can  be  closed  with  the 
finger  and  opened  at  will,  thus  carefully  regulating  the  suction.  Wliile 
the  fat  in  the  Babcock  bottle  is  still  warm  it  may  be  drawn  quite  thor- 
oughly from  the  neck  of  the  bottle  by  means  of  this  device.  After 
the  fat  is  removed  a  few  cubic  centimeters  of  ether  are  poured  upon 
the  top  of  the  li(|uid  in  the  Babcock  bottle  and  after  standing  for  a 
few  seconds  removed  by  the  suction.  The  contents  of  the  Babcock 
bottle  are  then  emptied  into  the  neck  of  a  Kjeldahl  flask,  allowed  to 
drain  for  a  few  minutes,  then  10  cubic  centimeters  of  the  sulphuric 
acid  ordinarily  used  for  digestion  is  put  into  the  Babcock  bottle,  well 
shaken,  and  the  acid  allowed  to  drain  out  into  that  previously  added 
to  the  Kjeldahl  flask.  The  sample  is  then  digested  and  distilled  as 
usual,  the  actual  weight  of  cream  taken  being,  of  course,  that  origi- 
nally weighed  into  the  Babcock  bottle. 

When  the  fat  has  been  removed  from  the  sample  of  modified  milk 
in  this  way  the  Kjeldahl  determination  of  nitrogen  is  very  greatly 
facilitated  by  the  prevention  of  frothing  during  distillation.    It  has 
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been  shown  by  repeated  tests  that  even  if  a  few  drops  of  the  under- 
lying acid  hquid  should  be  drawn  over  with  the  ether  or  with  the  fat 
itself  by  suction,  no  measurable  amount  of  nitrogen  is  thus  lost. 

Precautions  in  sampling  modified  milk. — In  modified  milk  or  cream 
with  a  large  fat  content,  such  as  were  used  in  these  experiments,  the 
cream  separates  with  surprising  rapidity  and  extreme  care  is  neces- 
sary to  secure  an  accurate  sample.  The  total  quantity  of  mixed 
milk  prepared  for  one  day  is  placed  in  a  bottle  and  thoroughly  shaken, 
and  200  to  300  cubic  centimeters  immediately  poured  into  a  clean 
500  cubic  centimeter  beaker,  and  this  quantity  is  poured  back  and 
forth  from  one  beaker  to  another  immediately  before  the  sample  is 
withdrawn  by  means  of  a  pipette.  By  following  such  precautions 
no  difficulty  is  experienced  in  getting  the  most  concordant  results 
in  Babcock  tests,  in  fat  determinations,  and  especially  in  determina- 
tions of  heats  of  combustion;  but  it  can  not  be  too  strongly  empha- 
sized that  the  milk  must  be  carefully  poured  back  and  forth  each 
time  a  sample  is  withdrawn,  for  if  the  cream  is  allowed  to  stand 
longer  than  one  minute  there  may  be  a  separation  of  fat  sufficient  to 
render  the  results  of  the  duplicate  tests  discordant. 

Preparation  of  modified  milk  for  determination  of  heat  of  comhus- 
tion. — After  the  sample  is  thoroughly  mixed,  as  described  above, 
approximately  2  cubic  centimeters  are  withdrawn  by  means  of  a 
pipette  and  delivered  into  a  weighed  capsule,  and  the  capsule,  with 
sample,  is  again  weighed.  During  the  second  weighing  there  will  be 
a  slight  evaporation  of  water,  but  in  general  the  loss  in  weight  is  very 
slight.  By  noting  the  time  required  to  weigh  the  sample  and  the 
loss  in  weight  during  a  similar  interval  after  the  first  weighing,  it  is 
possible  to  ma-ke  allowance  for  loss  in  weight  whenever  it  seems  neces- 
sary, but  this  is  rarely  done  as  the  error  is  usually  negligible. 

In  drying  the  samples  of  modified  milk  for  the  determinations  of 
heat  of  combustion,  if  the  capsules  are  placed  at  once  in  a  drying 
oven  the  thin  layer  of  fat  on  the  surface  of  the  milk  will  greatly 
retard  the  evaporation  of  moisture,  and  to  hasten  desiccation  the 
sample  must  be  stirred  every  five  or  ten  minutes  with  a  short  priece 
of  platinum  wire  that  is  allowed  to  remain  in  the  capsule.  If  time 
permits,  a  better  procedure  is  to  place  the  capsules  in  a  vacuum  des- 
iccator over  night  with  a  vacuum  of  about  30  millimeters  of  mercur3^ 
Under  this  treatment  a  hard  scum  forms  on  the  surface  of  the  milk 
and  a  ring  about  the  capsule  at  the  level  of  the  liquid.  If  the  capsule  is 
subsequently  placed  in  the  drying  oven  and  stirred  once  or  twice  with 
the  platinum  wire  the  milk  dries  very  rapidly  and  the  fat  does  not 
crawl  up  the  sides  of  the  capsule.  The  sample  is  dry  enough  to  burn 
in  the  bomb  calorimeter  very  soon  after  it  is  placed  in  the  dr5dng  oven. 

When  samples  of  modified  milk  or  cream  obtained  as  above 
described  are  prepared  and  dried  in  this  manner  the  determinations 
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of  the  heat  of  combustion  almost  invariably  agree  very  closely.  A 
number  of  tests  have  shown  that  if  the  milk  is  dried  from  the  start 
in  the  water  oven,  although  there  is  practically  no  loss  of  heat  of 
combustion  by  volatilizatioTi  of  fat  or  by  charring  of  the  desiccated 
residue  w^hile  in  the  oven,  there  is  always  danger  that  some  of  the  fat 
will  crawl  up  the  side  of  the  capsule  and  may  escape  complete  oxida- 
tion. The  preliminary  treatment  in  the  vacuum  desiccator,  in  our 
experience,  has  proven  by  far  the  best  method  for  drying  the  modified 
milk  and  cream. 

Total  amounts  of  food  and  excreta. — The  total  weights  of  each  food 
material  used  in  the  experiments  of  this  series,  and  the  amount  of 
each  nutrient  and  of  energy  that  it  contained,  are  shown  in  Table  52. 
The  corresponding  data  for  feces  and  urine  are  also  included  in  the 
table. 


Table  52. — Total  daily  weight,  composition,  and  heat  of  combuslion  of  food,  feces,  and 
urine,  metabolism  experiments  Nos.  62-67. 


Laboratory  No. 

Kind  of  material. 

(a) 
1 

C 

Water.  g 

Water-free  substance. 

((•') 

a 
*S 

c 
u 

Id) 
OS 

Carbohydrates.  2 

(f) 

Col 

c 
<ii 
tn 
o 
u 

g 

W 

d 
o 

t< 
OS 
O 

d 

be 
o 

K 

Xi  0 

c 

0  « 

MI.S 
>> 
K 
0 

Heat  of  com-  ^ 
bustion.  ^ 

3770 
3772 
3771 
3769 

3773 

3774 
3777 

3773 

3774 
3778 

3773 
3779 

FOOD. 

Experiment  No.  62. 

Basal  ration. 

Prepared  cereal  

Crackers  

Graham  crackers  

Malted  breakfast 
food  

Total  

Supplemental  ration. 

First  day: 
Plasmon  

Gms. 
150 
80 
150 

50 

Gms. 
11.4 
4.9 
4.8 

3.5 

Gms. 

16.5 
6.1 
9.6 

6.1 

Gms. 
2.1 
11.3 
20.3 

.4 

Gms. 
116.5 
56.7 
112.0 

40.0 

Gms. 
3.5 
1.0 
3.3 

1.0 

Gms. 
2.90 
1.06 
1.68 

1.08 

Gms. 
62. 19 
36.96 
69.93 

21.42 

Gms. 
J.  24 
5.  .50 

10.23 

3.09 

Gms. 
60.77 
30.58 
60.06 

20.91 

Cals. 
609 
379 
713 

210 

430 

23.6 

38.3 

34.1 

325.2 

8.8 

6.72 

190.50 

28.06 

172.32 

1,911 

50 
30 
350 
889 

4.9 

37.3 

3.5 
30.0 

4.3 

5.96 

22.11 
12.63 
139. 97 
89.70 

3.07 
1.94 
21.53 
14.05 

9. 66 
15.43 
171.00 
41.4? 

241 
119 
1,310 
1,046' 

Cane  sugar  

Milk  sugar  

17.5 
733.4 

Milk  (modified)  

Total  ration  first 
day  

Second  day: 
Plasmon  

25.8 

80.0 

43.6 

6.2 

4.18 

1,749 

779.4 

101.4 

114.1 

734.8 

19.3 

16.86 

454.91 

68. 65 

409.88 

4,627 

55 
110 
270 
775 

1,640 

5.4 

41.0 

3.8 
110.0 

4.8 

6.56 

24.32 
46.31 
107.97 
86.65 

3.38 
7. 13 
16.61 
13.72 

10.54 
56.56 
131.92 
34.06 

266 
436 
1,011 
1,004 

Cane  sugar  

Milk  sugar  

13.5 
631.6 

Milk  (modified)  

Total  ration  sec- 
ond day  

Third  day: 

Plasmon  

Cane  sugar  

22.5 

79.8 

35.7 

5.4 

3.57 

674.1 

101.8 

113.9 

731.2 

19.0 

16.85 

455.  75 

68.i,0 

405.40 

4,628 

58 
365 
704 

5.7 

43.2 

0.1 

4.0 

365. 0 

5.0 

6.91 

25.64 
153. 67 
87. 16 

3.56 

11.19 

1S7  K» 

280 
1,445 
1,018 

Milk  (modified)  

Total  ration 
third  day  

561.8 

20.4 

83.1 

33.8 

4.9 

3.31 

13. 73,  33!  10 

1,557 

591.1 

101.0 

117.3 

728.0 

18.7 

16.94 

456.97 

69.00  404.29 

4,654 
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Table  52. — Total  daily  weight,  composition,  and  heat  of  combustion  of  food,  feces,  and 
urine,  metabolism  experiments  Nos.  62-67 — Continued. 


Kind  of  material. 


(o) 


(6) 


Water-free  substance. 


(c) 


id) 


(e) 


(/) 


(?) 


(A)  ii) 


FOOD— Continued. 

Experiment  No.  63. 

First  day: 
Shredded  wheat . . 
White  crackers. . . 
Graham  crackers. 

Sugar  

Plasmon  

Cream  (modified) . 

Total  

Second  day : 
Shredded  wheat . . 
Whi;e  crackers. . . 
Graham  crackers . 

Sugar  

Plasmon  

Beef  tea  

Cream  (modified) . 
Skim  milk  

Total  

Third  day: 
White  crackers. . . 
Graham  crackers . 

Sugar  

Plasmon  

Beef  tea  

Cream  (modified). 
Skim  milk  

Total  

Experiment  No.  64. 

White  crackers  

Graham  crackers . . . 

Sugar  

Plasmon  

Cream  (modified)... 

Total  

Experiment  No.  65. 

White  crackers  

Graham  crackers . . . 

Sugar  

Skim  milk  

Total  

Experiment  No.  66. 

White  crackers  

Graham  crackers. . . 

Sugar  

Skim  milk  

Total  

Experiment  No.  67. 

Basal  ration. 

White  crackers  

Graham  crackers. . . 

Total  


Gms. 

150 
80 

100 
30 
70 

950 


Gms. 
14.1 
4.9 
3.2 


Gms. 

15.0 
6.1 
6.4 


Gms.  Gms. 
2.5  Ill5.8 
11.4  I  56.7 


13.5 


6.9 
600.4 


52.1 
21.8 


0.1 
264.1 


74.7 
30.0 
4.8 
58.0 


Gms. 
2.6 
.9 
2.2 


Gms 
2.64 
1.06 
1.12 


6.1 
5.7 


8.34 
3.52 


Gms. 
61.41 
36.96 
46.62 
12. 63 
30.95 


241.30  38.00 


1,380 


629.5 


101.4 


291.6  :340.0  17.5 


16.68 


429.87 


67 
80 

100 
62 
50 

736 
1,370 

230 


6.3 
4.9 
3.2 


6.7 
6.1 
6.4 


1.1 
11.4 
13.5 


4.9 

728.6 
991.9 
209.8 


37.2 
3.7 
238.4 
1.9 


276.7  54.8 
2  11.3 


51.8 
56.7 
74.7 
62.0 
3.5 


2,695 


1, 949. 6 


105.4 


302.9  3l4.S 


100 

100 
55 
20 

365 
1,603 

924 


6.1 
3.2 


7.6 
6.4 


14.2 
13.5 


2.0 
361.4 
1,210.3 
837.1 


14.9 
1.8 
41.7 
29.6 


277.3 
.9 


3, 167 


2,420.1 


102.0 


305.9 


IDO 
100 
30 
1.3 
3,513.5 


6.1 
3.2 


7.6 
6.4 


14.2 
13.5 


1.0 
101.9 


337.3 


3, 744. 8 


2,897.5 


116.9 


365.0 


100 
100 
107 
2,487.5 


610 
320 


7. 60 
6.40 


14.20 
13.50 


2, 246. 21 


82.09 


2, 794. 5 


2, 255. 51 


96.09 


30. 19 


100. 0 
100.0 
57.7 
2, 243. 0 


6. 10 
3.20 


7. 60 
6.40 


2,029.92 


74.02 


2,500.7 


2,039.22 


88.02 


100 
100 


6.10 
3.20 


7.60 
6.40 


200 


9.30 


14.20 
13.50 


29. 94 


14.20 
13.50 


27. 70 


70.9 
74.7 
55.0 
1.4 


62.5 
49.0 


313.5 


70.9 
74.7 
30.0 
.1 
161.6 


337.3 


70.90 
74.70 
107.00 
136.81 


389. 41 


70.90 
74.70 
57.70 
121. 12 


324.42 


70.90 
74.70 


1.1 
.9 

2.2 


4.4 
3.7 
8.2 
1.8 


27. 
36. 
46. 
26. 
22. 

2. 
249. 

9. 


22.3    1  7.11420.22 


1.2 
2.2 


1.7 
1.8 
11.2 
7.4 


25.5 


1.2 
2.2 


1.33 
1.12 


462.0 
46.62 
23.16 

2.38 

.33  1.02 
6.73  252.79 
4.80  35.57 


16.69  414.20 


1.33 
1.12 


.1  i  .15 
24.6  I  16.51 


46.20 
46.62 
12. 63 
.5 


Gms. 
7.40 
4.95 
6. 46 
1.94 
3.  .54 


Gms. 

61.8.5 

31.23 

40.40 

15.43 

14.1 

61.08 


62.29 


224. 16 


3.30 
4.95 
6.46 
4.02 
2.53 
.29 
39. 05 
1.36 


27.69 
31.23 
40.40 
31.88 
10.11 
.69 
74.93 
6.88 


61.96 


223.81 


6.19 
6.46 
3.56 
1.01 
.15 
40.08 
5. 27 


38.98 
40.40 
28.28 
4.07 
.30 
81.90 
33.86 


62.72 


227.79 


368. 92i  57.97 


6.19  38.98 
40. 40 
15.43 
.31 
157. 40 


1.94 
.07 


28.1  I  19. 11!474.94  72.63 


1.20  1.33 
2.20'  1.12 


19.90  12.95 


23.30  15.40 


1.20 
2.20 


19. 10 


1.20 
2.20 


46.20 
46.62 
45. 05 
98.01 


235.88 


252.52 


6.19  38.98 
6.46;  40.40 
6.93,  55.02 
14.68  95.75 


34.26  230. 15 


1.33  46.20i  6.19  38 

1.12|  46.62  !  6.461  40.40 

  24.29  3.74i  29.6' 

11.66,  88.82;  13.24,  83.66 


14.11:205.93  29.63  192.71 


1.33  46.20 
1.12  46.62 


6.191  38. 
6.46!  40.40 


14.5.60    3.40    2.45  92.82  12.65,  79.38 


950 
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Table  52. —  Total  daily  weight,  composition,  ami  heal  of  combustion  of  food,  feces,  and 
urine,  metabolism,  experiments  Nos.  62-67 — Continued. 


Kind  of  material. 


F  O  O  D— Continued. 

Experiment  No.  67— 
Continued. 

Supplemental  ration. 

First  day: 

Sugar  

Mills  

Total  ration, 
first  day  

Second  day: 

Sugar. .'.  

Milk  

Total  ration, 
second  day. .  .. 

EXCRETA. 

Experiment  No.  62. 

Total  feces  for  3  days. 
Average  per  day  

Urine,  Apr.  1&-17  

Urine,  Apr.  17-18  

Urine,  Apr.  18-19  

Total  urine  for  3 
days  ,.  

Experiment  No.  63. 

Total  feces  for  3  days. 
Average  per  day  

Urine,  Apr.  19-20  

Urine,  Apr.  20-21  

Urine,  Apr.  21-22. . . . 

Total  urine  for  3 
days  

Experiment  No.  64. 

Total  feces  for  1  day. . 
Urine,  Apr.  22-23  

Experiment  No.  65. 

Total  feces  for  1  day. . 
Urine,  Apr.  2.3-24  

Experiment  No.  66. 

Total  feces  for  1  day.. 
Urine,  Apr.  24-25  

Experiment  No.  67. 
Total  feces  for  2  days. 
Average  per  day  

Urine,  Apr.  25-26  

Urine,  .\pr.  26-27  

Total  urine  for  2 
days  


(o) 


6ms. 
130 
1,746.6 


2,076.6 


130 
1,550.; 


1,880.8 


(6) 


Gms. 


1, 571. 94 


1,581. 24 


1,395.72 


1, 405. 02 


596. 80  454. 8 
198. 93    151.  6 


540.2 
544.  4 
690.2 


490.  50 
494  30 
026. 70 


1,774.8 


398. 70 
132. 90 


1,611.50 


291.45 
97. 15 


958  50  913.  45 
1,845  60  1.758.86 
1,843.  70  1,757.04 


Water-free  substance. 


(c)      (d)      (e)      (f)      (g)      m  (i) 


Gms. 


57.64 


71.64 


51.18 


65.18 


43.6 
14.5 


19.14 

6. 38 


4,647.f 


4, 429. 35 


132. 90 
1, 136. 10 


83.67 
1,083.60 


83.67 
1,041.70 


97. 15 
1,075.55 


62. 17 
1,020.64 


62. 17 
981. 18 


167. 34  124. 34 
83.  67      62. 17 


1,076. 30  1,013. 77 
1,344.40  1,266.29 


2, 420. 70 


2,280.06 


6.38 


5.27 


5.27 


10. 54 
5.27 


Gms.  Gms. 
130 
1.75  101.30 


1.55 


29.25 


365.54 


13.7 
4.6 


17.  54 
5.85 


5.85 


1.76 


1.76 


3.52 
1.76 


130 
89.94 


58.4 
19.5 


45.05 
15. 01 


15.01 


6.61 


6.  61 


13.22 
6.6] 


Gms. 


13.97 


17. 37 


12. 41 


15.81 


2.63 
8.  77 


6.  91 
6. 97 
8.83 


22.71 


25.52 
8. 51 


12.  46 
23. 99 
23.97 


60.42 


8.  51 
12. 72 


7.  86 
10. 19 


7, 
9179 


15.73 
7.86 


Gms. 
'  9.' 08 


11.53 


8. 06 


10.51 


6.92 
2.31 


14.  .57 
15  01 
16.  75 


46.33 


3.03 
1.01 


14.22 
19.  37 
19.  85 


53.  44 


1.01 
15.  (i8 


.85 
24.02 


.85 
22. 31 


1.71 
.85 


10.12  18.45 
12.64  16.42 


22.76 


34.87 


Gms 

54.73 

68.64 


216. 19 


54. 73 
60.95 


208.50 


64. 57 
21.52 


11.83 
12, 19 
13.  61 


37.63 


54.10 
18. 03 


10. 76 
14.66 
1.5.  02 


40.44 


18.03 
11.70 


8.13 
16 


8.13 
14.87 


(k) 


Gms.  Gms 
8.42  66.85 
10.30  72.07 


31.37 


8.42 
9. 15 


30.22 


8.30 
2.  76 


2.79 
2.87 
3.  21 


8.87 


218. 90      2, 153 


66.85 
64.51 


210. 74 


35.91 
11.97 


13.60 
13.06 
21.10 


47.76 


8.09  16.51 
2. 70    5. 50 


2.  84  4.  77 
3.88:  24.84 
3.97  23.85 


10.69  53.46 


2. 70 
3.29 


1.10 
4. 17 


1. 10 
3.87 


16. 25  2. 21 
8. 13    1. 10 


12.  29  3. 20 
10. 94    2. 85 


23. 23    6. 05 


5.50 
17. 16 


.3.56 
8.58 


3.56 


7. 12 

3.50 


18.47 
35.26 


53. 73 


138 
122 


260 
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The  diet  used  in  these  experiments  was  really  quite  restricted  in 
variety,  and  especially  for  one  that  extended  over  eleven  days.  The 
basal  portion  of  the  ration  consisted  of  two  kinds  of  cereal  breakfast 
foods  and  white  and  graham  crackers.  The  total  quantity  of  these 
materials  used  in  experiment  No.  62  contained  38  grams  of  protein 
and  1,911  calories  of  energy.  This  was  supplemented  hj  cane  sugar, 
milk  sugar,  modified  milk,  and  plasmon,  a  proteid  preparation  from 
milk.  The  quantities  of  these  materials  used  varied  somewhat  on 
the  different  days,  but  in  each  case  they  were  regulated  so  as  to 
maintain  as  nearly  as  possible  a  total  of  101  grams  of  protein  and 
4,625  calories  of  energy  in  the  diet  and  to  have  the  larger  proportion 
of  the  energy  supplied  by  carbohydrates.  On  each  of  the  three  days 
of  this  experiment  about  66  per  cent  of  the  total  energy  was  from  such 
source. 

In  experiment  No.  63  there  were  slight  variations  in  the  ration 
on  each  of  the  three  days,  which  were,  for  the  most  part,  required 
to  satisfy  the  appetite  of  the  subject,  consequently  the  diet  could 
not  be  separated  into  a  uniform  basal  ration  and  a  more  or  less  vari- 
able supplemental  ration,  as  in  previous  experiments.  The  total 
quantity  of  protein  in  the  diet  ranged  from  101  to  105  grams  per  day, 
and  the  total  quantity  of  energy  from  4,708  to  4,841  calories.  About 
67  per  cent  of  the  total  energy  of  the  diet  in  this  experiment  was 
derived  from  fat. 

In  experiment  No.  64,  when  excessive  muscular  work  was  performed, 
the  diet  consisted  simply  of  white  and  graham  crackers,  sugar,  a  small 
amount  of  plasmon,  and  a  large  amount  of  modified  cream,  the  total 
ration  being  considerably  increased  over  that  in  experiment  No.  63, 
and  containing  almost  117  grams  of  protein  and  5,400  calories  of 
energy,  about  60  per  cent  of  the  energy  being  derived  from  fat. 

In  experiment  No.  65,  When  the  subject  slept  a  good  portion  of  the 
day,  the  ration  was  considerably  reduced.  The  quantity  of  white 
and  graham  crackers  was  the  same  as  in  the  preceding  experiment, 
and  the  quantity  of  sugar  was  over  three  times  as  large,  but  in  place 
of  the  modified  cream  skimmed  milk  was  used,  so  that  the  total 
protein  of  the  diet  was  less  than  100  grams,  and  the  total  energy  less 
than  2,400  calories. 

There  were  likewise  shght  variations  in  the  diets  for  experiments 
Nos.  66  and  67.  During  the  last  experiment  a  basal  ration  of  white 
and  graham  crackers  was  supplemented  by  sugar  and  skim  milk,  the 
total  ration  for  each  of  the  two  da,js  supplying  approximately  2,100 
calories  of  energy. 

Separation  of  the  feces  was  made  for  experiments  Nos.  62  and  63, 
and  also  for  the  one  day  of  experiment  No.  64,  but  the  total  amount 
of  feces  for  the  four  days  of  experiments  Nos.  65,  66,  and  67  was 
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collected  and  analyzed  and  the  constituents  apportioned  among  the 
four  (lays. 

Wafer  eliminated. — In  Tal)le  53  the  total  water  of  respiration  and 
pers])iration  is  shown. 


Table  53. — Daily  record  of  walcr  of  respiration  and  perspiration,  metabolism  experi- 
ments Nos.  62-67. 


Date. 

(a) 
Total 
amount 
of  vapor 
in  cham- 
ber at 
end  of 
day. 

(b) 

Gain  (+ ) 
or  loss 
(— )  over 
preced- 
ing day. 

Change  in 
weight  of 
absorliers, 
gain(+ )  or 
loss  C— ). 

(d) 

Amount 
in  under- 
clothes.* 

Total 
amount 
gained  (+ ) 
or  lost  (— ) 
during 
the  day, 
b+c+d. 


Total 
amount 
in  out- 
going air. 

iff) 
1  oLai 
water  of 
respiration 
and  per- 
spiration,* 
e+f. 

1904. 

Experiment  No.  62. 

Apr.  Ui-17  

17-18  

«  18-19  

Total  for  3  days 

Experiment  A'o.  63. 

Apr.  19-20  

20-21  

Totalforiidiys. 

Experiment  No.  64- 
Apr.  22-2:i  

Experiment  No.  65. 
Apr.  2.-J-24  

Grams. 
55.  59 
50.73 
57.29 

Grams. 
+  6.33 
-  4.80 
+  6..% 

Grams. 
+2,009.5 
+  1,565. 1 
+2,289.5 

Grams. 
112.3 
78.0 
98.8 

Grams. 
+2, 129. 13 
+  1.639.  14 
+2. 394.  86 

Grams. 
1,287. 72 
1,294. 81 
1,178.33 

Grams. 
3, 415. 85 
2,933.95 
3, 573. 19 

+  8.03 

+5,864.1 

290.0 

+6, 162. 13 

3,760.86 

9,922.99 

61.00 
02.65 
52.44 

4-  3.71 
+  1.65 
-10.21 

+2, 472. 1 
+  1,979.9 
+2, 167.  4 

152. 1 
182.7 
178.0 

+2, 027. 91 
+2,164.  25 
+2, 335. 19 

1,324.78 
1,314.  78 
1,318. 77 

3, 952. 69 
3,  479.  03 
3, 653. 96 

-  4.85 

+6,619.4 

512. 8 

+  7, 127.  35 

3,958.  33 

11,085. 68 

60.39 
51.66 
46. 14 

+  7.95 

-  8.73 

-  5.52 

+  4,359.  6 

-  159. 0 

-  170. 8 

92.2 

+  4,  4.59.  75 

-  167. 73 

-  182. 32 

1,479.92 
1,240. 19 
1,066. 15 

5,939. 67 
1,072.  46 
883.83 

Experiment  No.  06. 
.\pr.  24-25  

Experiment  Xo.  67. 
Apr.  25-2()  

45.48 
44.  64 

-  .66 

-  .84 

-  iir..o 

-  35. 0 

-  116.66 

-  35. 84 

958.94 
913. 60 

842.28 
877. 76 

2(>-27  

Total  for2  days 

-  1..50 

-  151.0 

-    152. 50 

1,872.54 

1,720.04 

*  Including  soli('s  of  perspiration  in  experiments  Nos.  62-64.    See  explanation,  p.  63. 


During  the  work  experiments  there  were  very  great  changes  in  the 
weight  of  the  heat-absorhing  system,  as  shown  in  column  c,  and  the 
underclothes  absorbed  considerable  quantities  of  water.  The  total 
amount  in  the  outgoing  air  remained  relatively  constant,  although 
varying  somewhat  more  per  day  in  experiment  No.  63  than  in  No.  62. 
Even  in  the  excessive  work  day  of  experiment  No.  64  the  total 
amount  in  the  outgoing  air  was  but  slightly  increased  above  that  in 
the  previous  experiment.  There  was  a  diminution  in  the  amount 
leaving  the  air  on  the  successive  days  of  the  rest  experiments,  ranging 
from  ]  ,240  grams  in  experiment  No.  65  to  913  grams  on  the  last  day 
of  experiment  No.  67.  In  the  last  column  marked  variations  of  the 
total  water  of  respiration  and  perspiration  are  observed. 


116 


Garhon  dioxid  eliminated. — The  results  regarding  the  ehmination  of 
carbon  dioxid  in  the  series  of  experiments  Nos.  62-67  are  given  in 
Table  54. 

Table  54. — Daily  record  of  carbon  dioxid  in  ventilating  air  current,  metabolism  experi- 
ments Nos.  62-67. 


Date. 

Carbon  dioxid. 

Kf) 

Carbon  in 
carbon 
dioxid 
exhaled. 

(0) 
Total 
amount 
in  chamber 
at  end  of 
day. 

(6) 

Gain  (+) 
or  loss  (— ) 

over  pre- 
ceding day. 

(c) 
Total 
amount 
absorbed 
from  out- 
coming  air. 

.\mount 
exhaled  by 
subject, 
b+c. 

(0 

Volume 
exhaled  by 

subject, 
(iXO.5091. 

1904. 

Experiment  No.  6i. 

Apr.  16-17  

17-  18  

18-  19  

Total  for  .3  days  

Experiment  No.  63. 

Apr.  19-20  

20-  21  

21-  22  

Total  for  3  days  

Experiment  No.  64. 
Apr.  22-23  

Experiment  No.  65. 
Apr.  23-24  

Experiment  No.  86. 
Apr.  24-25  

Experiment  No.  67. 

Apr.  25-26  

26-27  

Total  for  2  days  

Grams. 
28. 64 
31.86 
34.53 

Grams. 
-0.  55 
+  3. 22 
+2. 67 

Grams. 
1,696.  49 
1,721.20 
1,699.  35 

Grams. 
1,69.5.94 
1,724.42 
1,702.02 

Liters. 
863.  40 
877. 89 
866.  50 

Grams. 
462.  52 
470.  32 
464. 20 

f- 

30. 17 
32. 94 
30. 95 

+5. 34 

5, 117. 04 

1,606.05 
1,578. 10 
1,580.42 

5, 122. 38 

2, 607. 79 

1, 397. 04 

-4.36 
+2. 77 
-1.99 

1,601.69 
1,580.87 
1,578.43 

815.  42 
804.  82 
803. 58 

436. 81 
431. 15 
430.  48 

-3.58 

4, 764. 57 

4, 760. 99 

2, 423. 82 

1,298.  44 

29.  48 
36.  93 

+  2.  69 
-4.16 
+  7.  45 

2,341.32 
819. 20 
832. 29 

2, 344. 01 
815.  04 
839. 74 

1, 193. 33 
414.94 
427.  52 

639,  27 
222. 28 
229. 03 

36.  77 
43.  73 

-  .16 
+  6.  96 

951. 71 
945. 12 

951. 55 
952. 08 

484.  44 
484.  71 

259. 52 
259. 64 

+  6.80 

1,896.  83 

1.903. 63 

969. 15 

519. 16 

The  amount  of  carbon  dioxid  exhaled  was  fairly  uniform  for  the  three 
days  of  experiment  No.  62,  and  again  for  the  three  days  of  experiment 
No.  63;  but  the  average  amount  per  day  was  somewhat  less  in  the 
latter,  with  the  fat  diet,  than  in  the  former  with  the  carbohydrate 
diet.  On  the  excessive  work  day  the  amount  rose  to  2,344  grams. 
The  day  following  hard  work,  in  which  the  subject  spent  most  of  the 
time  in  sleep,  the  amount  exhaled  was  815  grams,  about  one-third 
that  of  the  severe  work  day.  In  experiment  No.  66  there  was  a  slight 
increase  over  that  in  No.  65,  since  the  subject,  though  at  rest,  was 
somewhat  more  active  and  did  not  sleep  (piite  so  much;  and  in 
experiment  No.  67,  when  light  exercise  was  taken  on  the  bicycle  ergom- 
eter,  the  amount  of  carbon  dioxid  exhaled  per  day  was  appreciably 
larger,  practically  950  grams  on  botli  days. 
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Oxygen. — The  quantities  of  oxygen  consumed  by  tlic  subject  and 
the  respiratory  quotients  are  given  in  Table  55. 


Table  55. — Daily  record  of  o.r.ijgen  in  ventilating  air  current  and  respiratory  ciuotirnt.s, 
metabolism  experiments  Nos.  62-67. 


Date. 

(a) 

Total 
amount 
in  cham- 
ber at 
end  01 
day. 

Oxygen. 

(?) 

Volume 
of  car- 
bon di- 
oxid  ex- 
haled. 

(h) 

Respi- 
ratory 
quo- 
tients, 

g-^f. 

Gain  (4 
(—  1  ove 
ing 

(ft) 
Vol- 
ume. 

- 1  or  loss 
r  preced- 
day. 

in 
Weight, 

6H-0.7. 

(d) 

Amount 
admit- 
ted to 
chamber. 

(.e) 
Amount 
con- 
sumed 
by  sub- 
ject, 
d-c. 

(/) 

Volume 

con- 
sumed, 
e  X  0.7. 

1904. 

KxfiCTilTlCllt  -.Vo.  H2 . 

Apr.  1&-17  

17-  18  

18-  19  

Liters 
876. 75 
805. 10 
776. 52 

Idters. 
+  29.99 

-  71.65 

-  28.58 

Grams. 
+  42.84 
-102.  36 
-  40.83 

Grams. 
1,414.  51 
1,285.31 
1,358. 43 

Grams. 
1,371.07 
1,387.67 
1,399.26 

Liters. 
9TO.  18 
971.38 
979.  49 

863.  40 
877. 89 
866.  50 

0.898 
.905 
.884 

-  70.24 

-100.35 

4,058.25 

4, 158. 60 

2,911.05 

2, 607. 79 

Ex perimrnt  No.  03. 

Apr.  19-20  

20-  21  

21-  22  

Total  for  3  days... 

754.  62 
865. 16 
1,033.12 

-  21.90 
+  110.54 
4-167.96 

-  31.29 
4-157.92 
4-239. 95 

1,377.60 
1,611.92 
1,694.29 

1,408. 89 
1,454.00 
1,454.  34 

986.  22 
1,017.81 
1,018.05 

815.42 
804.  82 
803.58 

.727 
.891 
.789 

-1-256.60 

4-366.58 

4, 683. 81 
2,098.97 
659.  64 
568.03 

4, 317. 23 
2, 105.  65 
729. 16 
707.00 

3,022.08 
1,473.96 
510.  .39 
494. 91 

2.423. 82 

Experiment  No.  64. 
Apr.  22  23  

Eiprrimcnt  No.  Go. 
Apr.  23-24  

Experiment  No.  86. 

Experiment  No.  67. 

Apr.  25-26  

26-27  

Total  for  2  days 

1 , 028.  45 
979.  78 
882.50 

-  4. 67 

-  48.67 

-  97.28 

—  6. 68 

-  69.52 
-138.97 

1     1  AO  OO 

1, 193.  33 
414.  94 
427.52 

.  809 
.813 
.864 

865. 82 
913.56 

-  16.68 
-1-  47.74 

-  23.84 
4-  68.20 

767. 19 
866. 07 

791. 03 
797. 87 

553. 72 
558.52 

484. 44 
484. 71 

.875 
.868 

+  31.06 

4-  44.36 

1,633.26 

1,588.90 

1,112.  24 

969. 15 

.872 

In  experiment  No.  62  the  amount  of  oxygen  consumed  by  the 
subject  ranged  from  1,371  grams  on  the  first  day  to  1,399  grams  on 
the  tliird.  In  experiment  No.  63  the  consumption  of  oxygen  was 
slightly  larger,  ranging  from  1,408  grams  on  the  first  day  to  1,454 
grams  on  the  third.  The  respiratory  quotient  during  the  first 
experiment,  with  a  carbohydrate  diet,  was  not  far  from  0.9,  while 
in  experiment  No.  63,  by  reason  of  the  large  proportion  of  fat  in 
the  diet,  it  fell  to  0.8.  The  consumption  of  oxygen  in  experiment 
No.  64  increased  practically  50  per  cent  over  that  in  experiment 
No.  63,  the  respiratory  cpiotient  remaining  practically  the  same. 
In  experiment  No.  65  the  amount  of  oxygen  consumed  fell  off  greatly. 
There  was  a  still  further  diminution  in  "experiment  No.  66,  and  an 
increase  on  the  two  days  of  experiment  No.  67.  The  respiratory 
quotient  in  experiment  No.  65  remained  nearly  the  same  as  that 
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of  experiment  No.  64,  but  on  the  three  following  days  of  this  series 
it  rose  to  practically  0.87. 

Calorimetric  measurements. — The  amount  of  heat  eliminated  by 
the  subject  during  this  series  of  experiments  is  shown  in  Table  56. 


Table  56. — Summary  of  calorimetric  measurements,  metabolism  experiments  Nos.  62-67 


Date. 

(a) 

Heat  meas- 
ured in 
termsC2o. 

(6) 

Change 
in  tem- 
perature 
of  calo- 
rimeter. 

(c) 

Capacity 
correc- 
tion of 
calorim- 
eter, 
6X60. 

((/) 

Correc- 
tion due 
to  tem- 
perature 
of  food 

and 
dishes. 

(e) 
Water 
vaporized 
equals  to- 
tal in  out- 
going air 
plus  ex- 
cess resid- 
ual vapor. 

(/) 

Heat 
used  in 
vapor- 
ization 
of  water, 
CX0.592. 

(9) 

Total 
heat  de- 
tem^ned, 
a+c+d+f. 

1904. 

Experiment  No.  62. 

Apr.  16  

17  

18  

Total  for  3  days  

Experiment  No.  63. 

Apr.  19  -  

20  

21  

Total  for  3  days  

Experiment  No.  64. 
Apr.  22  

Experiment  No.  65. 
Apr.  23  

Experiment  No.  66. 
Apr.  24  

Experiment  No.  67. 

Apr.  25  

26  

Total  for2  days  

Calories. 
3, 987.  47 
4,000.  39 
4,110. 15 

Degrees. 
-0. 02 
+  .01 
+  .07 

Calorics. 
-  1.20 
+  .60 
+  4.20 

Calories. 
+  49.95 
+  45.12 
+  36.51 

Grams. 
1,294.05 
1,289.  95 
1,184.89 

Calories 
766. 08 
763.  f5 
701.45 

Calories. 
4, 802.  .30 
4,809.  70 
4,8.52. 31 

12,098. 01 

-1-  .06 

-1-  3.60 

-1-131.  58 

3,768.89 

2,231.18 

14, 464. 37 

4, 121. 06 
4,099.02 
4,043.02 

—  .  07 
-f-  .25 

-  .24 

—  4. 20 
-1-15.00 
-14.40 

-f-  43.  41 
+  7.43 
+  19.29 

1,  oJo.  49 
1,316.  43 
1,308.56 

786.  47 
779. 32 
774. 67 

4, 946. 74 
4, 900.  77 
4,822.58 

12,263. 10 

-  .06 

-  3.60 

-1-  70.13 

3,953.48 

2,340.46 

14, 670. 09 

6, 147. 95 
1,682.21 
1,804.84 

+  .10 

-  .09 

-  .05 

-1-  6.00 

-  5.40 

-  3.00 

+101.93 
+  47.44 
+  40.81 

1, 487. 87 
1,231.46 
1,060.63 

880.82 
729. 02 
627. 89 

7, 136. 70 
2, 453. 27 
2, 470. 54 

2,049. 23 
2, 153. 22 

+  .06 
-  .04 

+  3.60 
-  2.40 

-1-  34.83 
+  30.76 

958.28 
912. 76 

567. 30 
540. 35 

2,654.96 
2, 721. 93 

4,202. 45 

+  .02 

+  1.20 

-1-  65.59 

1,871.04 

1, 107. 65 

5,376.89 

The  total  heat  determined  per  day  increased  in  experiment  No.  62 
from  4,802  calories  on  the  first  day  to  4,852  calories  on  the  third; 
whereas  in  experiment  No.  63  it  decreased  from  4,946  calories  on 
the  first  day  to  4,822  calories  on  the  third.  The  total  elimination 
was  somewhat  larger  in  the  second  three  days  than  in  the  first. 
In  experiment  No.  64,  with  excessive  work,  the  heat  elimination 
of  course  increased  markedly.  On  the  two  following  da5^s,  experi- 
ments Nos.  65  and  66,  the  daily  elimination  was  a  little  below  2,500 
calories,  evidently  the  resting  metabolism  of  this  subject.  The 
light  muscular  exercise  of  experiment  No.  67  increased  the  heat 
output  to  about  2,700  calories  per  day. 

Gains  and  losses  of  elements. — The  gains  and  losses  of  element  s 
as  found  from  the  detailed  data  of  the  experiments  are  summarized 
in  Table  57. 
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Table  57. — Gains  and  losses  of  elements  to  the  body,  metabolism  experiments  Nos.  62-67. 


Date. 

Total 
weight. 

Nitrogen. 

Carbon. 

Hydrogen. 

Oxygen. 

Ash.o 

1004. 

Experiment  No.  62. 

Apr.  16-17: 

Grams. 
5,850.92 

Grams. 
16.86 
16.88 

Grams. 
454.91 
495. 87 

Grams. 
468.95 
459. 63 

Grams. 
4,958.55 
4, 862. 86 

Grams. 
19.30 
15.68 

+  67.65 

—  .02 

  40, 96 

+    9. 32 

_j_  95.69 

4-  3.62 

Apr.  17-18: 

Total  outgo  

fiain  {+)  or  loss  (— )  

Ash  of  protein  lost  

5,906.77 
5,401.70 

16.85 
17.32 

455.75 
504.03 

466.50 
406.21 

4,948.67 
4,458.40 

19.00 
15.74 

4-  505.07 
-  .04 

—  .47 

—  48.28 

+  60.29 

4-  490.27 

4-  3.26 
-  .04 

Apr.  IS-IO: 

Total  outgo  

Gain  (+')  or  loss  (  —  )  

Ash  of  protein  lost  

+  505.03 

4-  3.22 

.5,8.56.26 
6, 164. 34 

16.94 
19.06 

456.97 
499.33 

459.65 
492.90 

4,904.00 
5, 135. 45 

18.70 
17.60 

-  308.08 

—  .  19 

-  2.12 

-  12.36 

-  33.25 

-  231.45 

4-  1.10 
—  .19 

Experiment  No.  65. 

Apr.  19-20: 

Total  income  

Total  outgo  

Cain  (+)  or  loss  (  — )  

.\sh  of  protein  gained  

-  308.27 



4-  .91 

5,267.49 
6, 645. 78 

16.68 
15.23 

420.87 
465.60 

410.09 
560.94 

4,393.35 
5,583.04 

17.50 
20.97 

—1,378.29 
+  .13 

—  1.45 

—  35.73 

—  150.85 

— 1, 189.69 

—  3.47 
4-  .13 

Apr.  20-21 : 

Total  income  

Total  outgo  

Gain  (+)  or  loss  (  — )  

•  Ash  of  protein  lost  

—1,378. 16 

—  3.34 



6, 349. 70 
7,038.40 

17.11 
20.38 

420.22 
463.84 

526.38 
603., 57 

5,363.69 
5,918.11 

22.30 
32.50 

—    688. 70 
.30 

—  3.27 

—  43.62 

—  77.19 

—   554. 42 

—10.20 
-  .30 

Apr.  21-22: 

Total  income  

Gain  (+)  or  loss  (— )  

Ash  of  protein  lost  

—  689.00 

—10.50 

6, 3.53. 14 
7,208.99 

16.69 
20.86 

414.20 
463.53 

527.  .32 
623.03 

5,369.43 
6,069.09 

25.50 
32.48 

-  855.85 
.38 

-  4.17 

-  49.33 

-  95.71 

-  699.66 

-  6.98 

—  .38 

Experiment  No.  64. 

Apr.  22-23: 

Total  income  

Total  outgo  

Gain  (+)  or  loss  (  — )  

Ash  of  protein  gained  

-  856.23 





-  7.26 

9,682.45 
9,5.52.68 

+    129. 77 
4-  .22 

+  129.99 

19.11 
16.69 

474.94 
669.00 

825. 66 
801.86 

8,334.64 
8,043.90 

28.10 
21.23 

+  2.42 

-194.06 

+  23.80 

4-  290.74 

4-  6.87 
4-  .22 

I^.J-^JCilinf  III  i\u.  u.y. 

Total  income  

Total  outgo  

Gain  (  +  )  or  loss  (  —  )  

Ash  of  protein  lost  



4-  7.09 

3,. 523. 66 
3,054.77 

15.40 
24.87 

235.88 
246.41 

286.65 
246.45 

2,962.43 
2,518.99 

23.30 
18.05 

+    468. 89 
-  .87 

-  9.47 

-  10.53 

+  40.20 

4-  443.44 

4-  5.25 
-  •  .87 

+  468.02 

4-  4.38 

a  Ash  here  considered  an  element. 
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Table  57. — Gains  and  losses  of  elements  to  the  body,  metabolism  experiments  Nos. 

6^-67— Continued. 


Date. 

Total 
weight. 

Nitrogen. 

Carbon. 

Hydrogen. 

Oxygen. 

Ash. 

1904 

Experime.nt  No.  66. 

.\pr.  24-25: 

Total  income  

Total  outgo  

Gain  (+)  or  loss  (— )  

Ash  of  protein  lost  

Grams. 
3, 207. 70 
2,848.94 

Grams. 
14.11 
23.16 

Grams. 
205.93 
2.52.03 

Grams. 
257.82 
220.62 

Grams. 
2, 710. 74 
2,335.48 

Grams. 
19.10 
17.65 

+    358  76 
.83 

—  9.05 

—  46.10 

+  37.20 

+  375.26 

+  1.45 
-  .83 

Experiment  No.  67. 

Apr.  25-26: 

Total  income  

Total  outgo  

Gain  (+)  or  loss  (  — )  

Ash  of  protein  lost  

+    357  93 

+  .62 

2,867.63 
2,953.80 

11.53 
19.30 

216.19 
279.94 

208.31 
218.95 

2,414.23 
2,417.63 

17.37 
17.98 

-  80. 17 

-  .71 

-  7.77 

-  63.75 

-  in. 64 

-  3.40 

-  .61 

-  .71 

A  r»i.   OA  07  • 

Total  income  

Total  outgo  

Gain  (+)  or  loss  (— )  

Ash  of  protein  lost  

-  86.88 

-  1.32 

2,678.67 
3,257.91 

10.51 
17.27 

208.  .50 
278. 71 

187.44 
250. 83 

2,256.41 
2,690.60 

15.81 
20.50 

-  4.69 

-  .62 

-  579.24 
.62 

-  6.76 

-  70.21 

-  63.39 

-  434.19 

-  579.86 

-  5.31 

In  experiment  No.  62,  on  the  carbohydrate  diet,  there  was  for  the 
three  days  as  a  whole  a  loss  of  nitrogen  by  the  body,  which  increased  on 
the  three  successive  days,  a  loss  of  carbon  much  the  same  for  each  day, 
a  slight  gain  of  hydrogen,  and  a  marked  gain  in  oxygen.  In  experi- 
ment No.  63,  on  the  fat  diet,  the  loss  of  nitrogen  increased  materially, 
the  loss  of  carbon  remained  substantially  the  same,  and  there  was  in 
this  case  a  loss  of  hydrogen  and  a  noticeable  loss  in  oxygen;  also, 
while  there  was  a  gain  of  ash  on  all  three  days  in  experiment  No.  62, 
there  was  a  loss  of  ash  on  all  days  of  experiment  No.  63.  On  the 
heavy  work  day  in  experiment  No.  64,  there  was  a  gain  of  nitrogen,  a 
very  marked  loss  of  carbon,  and  gains  of  hydrogen,  oxygen,  and  ash. 
The  rest  day  following  severe  work,  experiment  No.  65,  was  marked 
by  a  much  greater  loss  of  nitrogen,  a  slight  loss  of  carbon,  and  marked 
gains  of  hydrogen,  oxygen,  and  ash.  The  same  may  be  said  for  experi- 
ment No.  66.  In  experiment  No.  67  the  large  loss  of  nitrogen  con- 
tinued on  both  days,  and  there  was  a  loss  of  carbon,  hydrogen,  oxygen, 
and  ash,  which  was  greater  oh  the  second  day  than  on  the  first. 

Gains  and  losses  of  compounds. — The  gains  or  losses  of  compounds 
computed  from  those  of  elements  are  given  in  Table  58. 
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Table  58. — Gains  and  losses  of  compounds  to  thebody,  metabolism  expcrinunts  Nos.62-67 . 


Date. 

Protein. 

Fat. 

Carbo- 
hydrates. 

Water. 

1004. 

Experiment  No.  62. 
Apr.  16-17  

Grams. 
-  0.12 
-2.82 
-12.72 

Gtclths  . 

-  26.65 

-  13.31 

-  34.65 

Grams. 

-  46.37 

-  82.39 

-  20.92 

+    137. 17 
+  000.29 
-  241.08 

17-18  

-15.G6 

-  74.61 

-149.68 

+  496.38 

-  5.22 

-  24.87 

-  49.89 

+  165.46 

Experiment  No.  6.3. 
Apr.  19-20  

+  8.70 

-19.62 
-25  02 

-  13.35 

-  63.38 

-  63.35 

-  68.28 
+  33.57 
+  27.05 

-1,301,75 

-  629. 37 

-  787.93 

20-21  

Total  for  3  days  

-3,5.94 

-140.08 

-  7.66 

-2,719.05 

Average  per  day  

Experiment  No.  (S4. 

-11.98    -  46.69 

-2.  .55 

-    906. 35 

+  14.52 
-56.82 
-54.30 

-131.26 
-128.39 
-  75.43 

—  229. 15 
+  264.05 
+  90.18 

+    469. 01 
+  383.93 
+  396.03 

Experiment  No.  05. 
Apr.  23-24    

Experiment  No.  66. 
Apr.  24-25  

Experiment  No  67. 
Apr.  25-26  

-46.62 
-40.56 

-  80.06 

-  07.91 

+  49.13 
+  6.41 

-  8.72 

-  473. 11 

26-27  

Total  for  2  days  

-87. 18 

-147.97 

+  55.54 

-  481.83 

Average  per  day  

-43.59 

-  73.99 

+  27.77 

-    240. 92 

In  experiment  No.  62  there  was  on  the  average  for  the  three  days  a 
loss  of  protein,  fat,  and  carbolij^drates,  and  a  gain  of  water.  In  experi- 
ment No.  63  the  average  loss  in  protein  and  fat  was  somewhat  larger, 
l)ut  that  of  carbohydrates  was  very  small;  there  was,  however,  a  large 
loss  of  water.  In  experiment  No.  64,  since  the  diet  was  insufficient  to 
furnish  the  energy  required  for  the  excessive  work,  there  was,  as  would 
be  expected ,  a  marked  loss  in  both  fat  and  carbohydrates  on  this  day,  but 
there  was  also  a  considerable  gain  of  protein  and  a  decided  gain  of  water. 
On  the  days  following  the  excessive  work  there  was  a  very  noticeable 
loss  of  protein,  which  persisted  until  the  end  of  the  series,  and  in  experi- 
ment No.  65  there  was  a  marked  loss  of  fat  and  a  decided  gain  in  carbo- 
hydrates, with  a  considerable  gain  of  water.  In  experiment  No.  66 
there  was  a  still  greater  loss  of  fat  and  gain  in  carbohydrates ;  and  in 
experiment  No.  67,  on  the  first  day  the  loss  of  fat  and  the  gain  of  car- 
bohydrates persistetl,  while  in  the  last  day  there  w'as  still  a  loss  of  fat, 
but  the  body  had  practically  reached  equilibrium  regarding  carbohy- 
drates. 
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Income  and  outgo  of  energy. — The  estimated  amount  of  energy  from 
material  oxidized  in  the  body,  as  compared  with  the  heat  measured 
by  the  respiration  calorimeter,  is  shown  in  Table  59. 


Table  59. — Income  and  outgo  of  energy,  metabolism  experiments  Nos.  62  to  67. 


Date. 

Heat  of  combus- 
tion of  food  and 
excreta  as  deter- 
mined by  use  of 
bomb  calorim- 
eter. 

Available  energy  from  food,  -r^ 

Heat  of  combus- 
tion   of  body 
materials  gained 
(+)  or  lost  (-) 
as  calculated  by 
use  of  factors.* 

Total  energy  from  body  ma-  ^ 
terial  gained       or  lost  (  —  ),  "5 
e+f+g.  ^ 

Estimated  energy  from  mate- 
rial oxidized  in  the  body,  d  3 
—  ft. 

Heat  measured  by  the  respira-  •r 
tion  calorimeter.            0  ^ 

Heat  meas- 
ured 
greater  (+) 
or  less  (  — ) 
than  heat 
estimated. 

(a) 

■d 
0 
0 

(6) 

M 
(U 

OJ 

CO 

0 
^ 

(e) 
d 

*CJ 

0 
u 

(/) 

(.g) 

c 

<v 
to 
0 
0 
t>, 

0 

(0 

3 
0 
n 
< 

(TO) 
>« 

i 

0 

0 
Pi 
0 

u 

PL, 

Experiment  No.  62. 

Apr.  16-17   

17-  18  

18-  19  

Total  for  3  days  

Average  per  day  

Experiment  No.  63. 

Apr.  19-20  

20-  21  

21-  22  

Total  for  3  days  

Average  per  day  

Experiment  No.  64. 

Apr.  22-23  

Experiment  No.  65. 

Apr.  23-24  

Experiment  No.  66. 

Apr.  24-25  

Experiment  No.  67. 

Apr.  25-26  

26-27  

Total  for  3  days  

Average  per  day  

Average  for  11  days. 

Cals. 
4,627 
4.628 
4,654 

Cals. 
229 
229 
229 

Cals. 
126 
129 
138 

Cals. 
4  272 
4^270 
4  287 

4 

Cals. 

-  1 

-  16 

-  72 

Cals. 

-  254 

-  127 

-  331 

Cals. 

-  194 

-  345 

-  88 

Cals. 

—  449 

-  488 
  4gj 

Cals. 
4,721 
4,758 
4,778 

Cals. 
4,802 
4,810 
4,852 

Cals. 
+  81 
-1-  52 
+  74 

P.ct. 
+  1.7 
+  1.1 
+  1.5 

13,909 

687 

393 

12, 829 

-  89 

-  712 

-  627 

—  1,428 

14,257 

14, 464 

-1-207 

4,636 

229 

131 

4,276 

-  30 

-  237 

-  209 

-  476 

4,752 

4,821 

-1-  69 

+  1.4 

4,841 
4,708 
4,710 

210 
210 
210 

113 
148 
147 

408 

4,518 
4,350 
4,353 

+  49 
-111 
-141 

-  127 

-  605 

-  604 

-  286 
+  141 
+  113 

-  .364 

-  575 

-  632 

4.882 
4,925 
4,985 

4,947 
4,901 
4,823 

+  65 
-  24 
-162 

+  1.3 
-0.5 
-3.4 

14,259 

630 

13.221 

-203 

-1,336 

-  32 

-1,571 

14,792  14,671 

-121 

4,753 

210 

136 

4,407 

-  68 

-  445 

-  11 

-  524 

4,931 

4,890 

-  41 

-0.8 

5,393 
2,369 
2,062 

210 
92 
92 

128 
176 
157 

5,055 
2, 101 
1,813 

-1-  82 
-321 
-307 

-1,252 
-1,225 
-  720 

-  960 
+  1,106 
+  378 

-2, 130 

-  440 

-  649 

7, 185 
2,541 
2, 462 

7,137 
2,453 
2,471 

-  48 

-  88 
-1-  y 

-0.7 
-3.6 
+0.4 

2,153 
2,076 

92 
92 

138 
122 

1,923 
1,862 

-263 
-229 

-  763 

-  648 

+  206 
4-  27 

-  820 

-  850 

2,743 
2,712 

2,655 
2,722 

-  88 
+  10 

-3.3 
+0.4 

4,229 

184 

260 

3,785 

-492 

-1,411 

+  233 

-1,670 

5,455 

5,377 

-  78 

-2.9 

2,115 

92 

1.30 

1,893 

-246 

-  706 

-1-  117 

-  835 

2,728 
4,245 

2,689 
4,234 

-  39 

-1.5 

3,838 

172 

138 

1,094 

-121 

-  605 

-1-  9 

-  717 

-119 

-0.5 

*  Protein  5.65,  fat  9.54,  glycogen  4.19  calories  per  gram. 


In  experiment  No.  62  there  was  on  the  whole  a  slightly  larger 
amount,  and  in  No.  63  a  slightly  smaller  amount,  of  energy  measured 
by  the  calorimeter  than  was  estimated  to  be  oxidized  in  the  body. 
In  the  excessive  work  experiment,  No.  64,  the  agreement  was  also 
satisfactory,  there  being  a  discrepancy  of  but  0.7  per  cent.  In  exper- 
iment No.  65  the  agreement  is  not  as  close  as  could  be  desired,  the 
energy  as  measured  by  the  calorimeter  being  3.6  per  cent  less  than 
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that  estimated  to  be  oxidized  l)y  the  body.  The  following  day  the 
agreement  was  close,  but  another  decided  difference  was  noted  on  the 
first  day  of  experiment  No.  67,  while  on  the  last  day  the  agreement 
was  very  close.  The  average  error  for  the  eleven  days  of  the  whole 
series  is  but  0.5  per  cent. 

GENERAL  SUMMARY  AND  DISCUSSION. 

Some  of  the  particular  features  of  the  results  of  the  experiments 
reported  in  the  present,  bulletin  have  been  pointed  out  on  the  preced- 
ing pages  in  the  accounts  of  the  several  experiments;  for  more  gen- 
eral discussion,  however,  the  results  of  the  different  experiments  have 
been  summarized  in  various  ways  in  connection  with  the  topics  con- 
sidered on  the  following  pages.  In  a  number  of  instances  these  are 
largely  a  continuation  of  the  discussion  of  similar  topics  in  previous 
bulletins  of  this  Office,  and  in  some  instances  the  data  obtained  in 
previous  investigations  have  also  been  considered  in  the  present  dis- 
cussion. For  the  most  part,  however,  the  discussion  is  confined  \)r'm- 
cipally  to  the  results  obtained  in  the  present  investigations.  In  gen- 
eral, no  attempt  has  been  made  to  compare  the  results  obtained  in 
these  experiments  with  those  found  in  similar  or  related  work  by 
other  investigators  elsewhere,  though  in  a  few  instances  some  refer- 
ence is  made  to  such  research. 

DIGESTIBILITY  OF  FOOD. 

The  normal  formation  and  expidsion  of  feces  has  connnonly  been 
considered  as  a  process  of  rejecting  luidigested  portions  of  food.  The 
presence  of  imdigested  grain  in  the  feces  of  domestic  animals,  and  the 
frequent  presence  of  kernels  of  corn,  berries,  and  other  visible  parti- 
cles of  undigested  food  in  the  feces  of  men  have  tended  to  increase 
this  impression.  The  ordinary  chemical  examination  of  normal  feces 
does  not,  in  general,  present  any  evidence  to  the  contrary.  Never- 
theless, as  early  as  1867  it  was  observed  that  occasionally  the  feces  of 
animals  contained  more  nitrogen  than  the  food  ingested,  indicating 
that  body  nitrogen  must  also  have  been  excreted  in  this  way.  The 
most  remarkable  observation  of  this  nature  on  man  is  that  recently 
reported  by  Caspari."  In  the  first  period  of  the  experiment,  the  sub- 
ject (a  vegetarian)  subsisted  for  a  period  of  forty-one  days  on  a  diet 
which  contained  about  1.18  grams  of  nitrogen  and  about  780  calories 
of  energy  per  day.  The  true  proteid  nitrogen  in  the  food,  as  deter- 
mined by  the  Stutzer  method,  was  about  0.86  gram  per  day.  Diu'ing 
this  period,  feces  were  passed  with  considerable  regularity.  The 
quantity  of  nitrogen  in  l^he  feces  averaged  about  1.22  grams,  and  the 
energy  value  about  185  calories,  per  da}".    The  proteid  nitrogen 

a  Physiologische  Studien  Ueber  Vegetarismus,  Bonn,  1905. 
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in  the  feces  as  determined  by  the  Stutzer  method  was  found  to  aver- 
age about  1.18  grams  per  day.  The  total  quantity  of  nitrogen  inges- 
ted during  the  period  amounted  to  48.58  grams,  or  33.90  grams  of 
proteid  nitrogen.  In  the  feces  there  were  50.28  grams  of  total  nitro- 
gen, of  which  46.95  grams  were  considered  proteid  nitrogen.  In  this 
particular  instance,  then,  the  total  fecal  nitrogen  was  larger  than  the 
total  nitrogen  ingested  by  1.70  grams  for  the  period.  Considering 
the  proteid  nitrogen,  13.05  grams  more  were  found  in  the  feces  than 
in  the  food.  The  ingestion  of  food  therefore  actually  resulted  in  a 
larger  total  excretion  of  nitrogen  through  the  feces  than  was  taken 
in  the  food.  In  other  words,  the  total  nitrogen  ingested  was  but 
96.6  per  cent  of  that  excreted  in  the  feces,  and  the  true  proteid 
intake,  as  determined  by  the  Stutzer  method,  was  but  72.2  per  cent  of 
that  excreted  in  the  feces. 

It  is  thus  apparent,  on  chemical  grounds  alone,  that  nitrogenous 
material  other  than  that  furnished  in  the  food  finds  its  way  into 
the  feces.  In  recent  years  considerable  experimental  evidence  from 
various  sources  has  accumulated  to  show  that  the  feces  consist  in  large 
part  of  the  residues  of  the  bile,  mucus,  saliva,  and  other  digestive 
secretions  and  epithelial  debris  from  the  mucous  lining  of  the  whole 
alimentary  tract.  Usually  the  term  "metabolic  products"  is  applied 
to  cover  all  these  constituents  of  feces,  but  obviously  it  is  not  strictly 
correct  to  include  epithelial  debris  under  this  classification.  Since, 
however,  the  term  has  commonly  been  so  used,  this  custom  will  be 
followed  here  to  avoid  confusion. 

The  evidence  regarding  the  nature  of  the  feces  is  in  large  part 
based  upon  microscopic  examination,  although  substantiated  in  a 
considerable  degree  by  chemical  analyses.  It  is  interesting  to  note 
in  this  connection  the  experiment  of  Hermann,"  who  ligated  a  por- 
tion of  the  intestine,  and  subsequently  found  material  closely  resem- 
bling fecal  matter  deposited  in  it  even  when  no  food  had  been  ingested. 

This  observation  is  in  accord  with  those  on  fasting  men.  During 
fasting  the  quantity  of  feces,  at  least  with  man,  falls  to  a  minimum, 
but  the  excretion  of  feces  does  not  cease  altogether.  For  example, 
during  the  thirty-day  fast  of  Succi,  as  observed  hj  Luciani, but 
150  grams  of  feces  were  collected.  These  were  obtained  b}^  means 
of  enemas.  The  material  obtained  in  the  enemas  was  evaporated 
to  a  "pasty"  consistency,  and  weighed  in  this  form.  Luciani 
undoubtedly  endeavored  to  secure  a  residue  of  normal  consistency. 
The  quantity  noted  is  about  the  amount  that  would  be  normally 
passed  in  one  day,  and  consequently  it  may  be  said  that  during 
fasting  only  one-tliirtieth  of  the  normal  amount  is  excreted. 


aArch.  Physiol.  [Pfliiger],  46  (1890),  p.  93. 
6  Das  Hungern,  1890,  p.  47. 


Tlie  incrpstion  of  food  is  iminediately  followed  by  a  copious  flow  of 
(lii^estivo  juicos,  the  effect,  as  Pawlow"  has  clearly  shown,  partaking 
more  or  less  of  the  nature  of  a  series  of  stimulations,  beginning  with 
a  psychical  stimulus  to  the  flow  of  the  saliva,  and  followed  by  a  suc- 
cessive flow  of  gastric  juice  and  the  various  intestinal  juices,  so  that 
the  presence  of  food  in  the  intestinal  tract  calls  for  the  excretion  of 
tliese  juices.  But  the  secretion  is  caused  by  s])ecific  constituents  of 
the  food,  not  by  contact,  and  varies  in  kind  and  degree  with  different 
foods.  The  ingestion  of  a  small  amount  of  fruit  by  Caspari's  vege- 
tarian resulted  in  a  marked  increase  in  the  fecal  matter  rejected  per 
day  as  compared  with  the  amount  during  fasting  observed  with  other 
subjects. 

Prausnitz''  has  devoted  considerable  attention  to  the  special  study 
of  the  feces  by  micn)scopic  examination,  antl  considers  it  clearly 
established  that  the  digestion  of  food  materials  is  more  complete 
and  the  proportion  of  the  metabolic  products  in  the  feces  much 
larger  than  was  formerly  supposed. 

The  earlier  work  on  the  composition  of  the  feces  was  in  large  part 
cliemical,  and  several  methods  for  distinguishing  ])etween  the  meta- 
bolic products  and  imdigested  food  were  proposed.  Schulze  and 
Maercker*^  suggested  determining  the  amount  of  metabolic  nitrogen 
by  extracting  it  from  the  feces  with  boiling  alcohol  and  boiling  ether. 
This  method  receiving  considerable  criticism,  Stutzer''  treated  feces 
with  freshly;  prepared  pepsin  solution  to  remove  the  metabolic 
nitrogenous  material.  This  method  was  subsequenth^  modified  and 
improved  l)y  Pfeift'er.'^  These  methods  have  been  subjected  to 
considerable  testing,  especially  at  the  Maine  Agricultural  Experi- 
ment Station,^  and  a  modified  method  devised,  which  consists 
es.sentially  in  extracting  the  dried  feces  with  boiling  ether,  boiling 
alcohol,  hot  water,  and  cold  lime  water,  consecutively.  A  large 
numl)er  of  experiments  have  been  made  by  Woods  and  Merrill  9  with 
this  method. 

Aside  from  the  fact  that  the  results  of  all  the  chemical  methods 
agree  perfectly  with  tlie  microscopical  examinations  in  showing 
clearly  that  feces  consist  in  large  part  of  metabolic  protlucts,  little 
more  can  at  present  be  said.  Unfortunately,  the  experimental 
technique  is  still  so  unsatisfactory  that  it  is  impossible  for  us  to 

"  The  work  of  the  digestive  glands,  London,  1!)()2. 

fcZtsehf.  Biol.,  30  (1894).  p. 

<^  Jour.  Landw.,  19  1 1871),  j).  46. 

<1  Ztseln-.  Physiol,  ('hem.,  10  (188G  ),  p.  153. 

<■  Ztschr.  Physiol,  Chem,,  10  (188(5),  pp.  170  and  5(n,  and  .lo\ir,  Landw.,  34  (188()),  p. 
42.5. 

/Maine  E.\i)t.  Sla.  Kpt.  18S7.  ]>.  128;  1S88.  j).  210,  and  1889.  p,  282, 
<J  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  P>ul.  143,  p.  58. 
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distinguish  quantitatively  between  the  actual  undigested  residues 
and  the  metabolic  products.  Indeed,  it  is  commonly  assumed  that 
in  the  analyses  of  feces,  when  made  in  the  usual  way,  all  the  nitrogen 
determined  by  the  Kjeldahl  method  multiplied  by  the  factor  6.25 
is  protein,  the  material  extracted  by  ether  is  fat,  the  residue  after 
incineration  is  ash,  and  the  remaining  water-free  material  is  carbo- 
hydrates. Comment  on  the  inaccuracy  of  this  whole  process  is 
unnecessary.  Revision  of  all  chemical  methods  for  the  analysis 
of  feces  is  imperatively  needed. 

Although  the  utter  inadequacy  of  the  present  methods  is  recog- 
nized, in  the  lack  of  more  accurate  knowledge  it  is  the  common 
custom  to  assume  that  all  the  fecal  matter  comes  from  the  undi- 
gested portions  of  the  food,  and  that  the  difference  between  the 
amounts  of  the  several  ingredients  of  the  food  and  those  of  the  cor- 
responding ingredients  of  the  feces  represents  the  amounts  of  such 
ingredients  digested. 

In  an  attempt  to  anticipate  the  results  of  analyses  of  feces  by 
more  perfect  methods,  certain  changes  in  the  terminology  have 
been  proposed.  According  to  the  older  conception,  whereby  all 
the  ingredients  of  the  feces  were  assumed  to  be  residues  from  food, 
that  portion  of  the  food  not  appearing  in  the  feces  was  assumed  to 
be  digested  and  designated  as  "digestible."  This  definition  applied 
to  the  nutrients  as  well  as  to  the  food  as  a  whole.  As  has  been 
pointed  out  above,  such  designation  is  not  strictly  correct,  because 
of  the  presence  of  the  metabolic  products.  Since  the  metabolic 
products  represent  part  of  the  cost  of  digesting  food  and  preparing 
it  for  use  by  the  body,  Atwater"*  suggested  that  the  word  "available" 
be  used  to  designate  the  material  formerly  defined  as  "digestible." 
The  feces  contain  the  total  materials  which  the  digestive  organs 
reject;  hence,  if  we  subtract  the  feces  from  the  food  we  have  left 
what  is,  according  to  this  conception,  actually  "available"  to  the 
body  for  the  chief  purposes  of  nutrition,  namely,  the  building  and 
repair  of  tissue  and  the  yielding  of  energy.  It  is  to  be  noted,  how- 
ever, that  this  proposed  change  in  terminology  throws  no  light  on  the 
erroneous  assumptions  that  the  nitrogenous  material  of  the  feces  is 
proteid,  or  that  the  proportion  of  proteid  to  nonproteid  nitrogen  is 
the  same  in  the  feces  as  in  the  food;  that  the  average  composition 
of  the  ether  extract  of  feces  is  conformable  to  the  average  composi- 
tion of  that  of  the  food,  and  that  the  determination  of  carbohydrate 
in  the  feces  is  accurate. 

In  an  interesting  discussion  of  the  subject  Armsb}'-  ^  suggests  that 
to  avoid  confusion  with  terms  well  established  by  long  usage  it  is 
best,  when  strict  accuracy  is  required,  to  attach  a  modifj'uig  word 

a  Connecticut  (Storrs)  Expt.  Sta.  Rpt.  1899,  p.  G9. 
&  Principles  of  Animal  Nutrition,  1903,  p.  10. 
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and  designate  the  difference  between  the  food  and  feces  as  "appar- 
ently digestil)le,"  in  distinction  from  the  "real  digestibility,"  which 
can  not  at  present  be  determined. 

In  comparing  the  potential  energy  of  the  food  with  that  of  the 
excreta  still  greater  confusion  exists,  since  not  only  is  it  necessary  to 
take  into  consideration  the  difference  between  the  energy  of  undi- 
gested portions  of  food  and  the  energy  of  metabolic  products,  but  in 
addition  there  is  a  considerable  amount  of  energy  in  the  unoxidized 
material  in  the  urine,  material  that  has  undoubtedly  been  actually 
digested  and  absorbed.  Among  the  qualifying  ternis  that  have  been 
suggested  to  tlesignate  particular  portions  of  the  total  energy  of  the 
food  are  "gross  available"  energy,  meaning  that  portion  of  the  total 
energy  that  can  be  utilized  by  the  body  for  any  purpose  whatever, 
"net  available"  energy,  which  is  that  portion  of  the  total  energy 
used  for  other  purposes  than  simple  heat  production,  and  "fuel 
value,"  which  has  the  same  meaning  as  "gross  available"  energy 
above.  In  discussing  this  point  Armsby  "  suggests  the  term  "  metab- 
olizable  energy"  to  designate  that  portion  of  the  energy  of  the  food 
ingested  that  can  enter  into  the  metabolism  of  energy  in  the  body; 
the  term,  in  his  opinion,  expressing  the  facts  without  any  implication 
as  to' the  uses  made  by  the  body  of  the  energy  thus  metabolized. 

While  fully  in  accord  with  any  proposition  to  clarify  terminology 
and  improve  teclmique,  the  writers  believe  that,  in  the  present  state 
of  the  whole  question,  it  is  most  expedient  to  continue  to  use  the 
method  based  on  the  common  assumption  that  feces  represent  undi- 
gested material.  The  heat  of  combustion  of  the  unoxidized  material 
in  the  urine  is  actually  determined  in  the  majority  of  these  experi- 
ments, and  the  available  energy  of  the  food,  i.  e.,  the  fuel  value,  is 
considered  as  the  total  energy  of  the  food  less  that  of  feces  and 
urine.''  These  assumptions  are  almost  universally  followed  in  diges- 
tion experiments,  so  that  the  results  give7i  in  the  discussion  beyond 
are  comparable  with  those  of  other  experiments. 

With  certain  classes  of  diet  it  has  been  clearly  established  that 
there  are  marked  differences  in  the  real  digestibility  of  food  mate- 
rials. For  although,  as  Prausnitz has  pointed  out,  food  materials 
should  be  in  large  measure  classed  not  as  leaving  residues  for  feces, 
but  as  feces-producing,  different  food  materials  calling  for  different 
amounts  of  digestive  juices  and  resulting  in  varying  amoinits  of 
metalKilic  products,  yet  with  certain  vegetable  materials,  as  ordi- 

1  Loc.  cit.,  p.  270. 

bThe  total  energy  thus  computed  inchides  both  that  of  the  muscular  and  other 
internal  and  external  work  of  the  body,  and  that  tran.sfornied  into  heat,  whether  the 
latter  results  from  the  oxidation  of  food  or  body  tissue  for  this  specific  purpose,  or  is 
lii)eratcd  dining  the  digestion,  absorption,  and  assimilation  of  food. 

cLoc.  cit. 
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narily  prepared  for  the  table,  it  seems  clearly  established  that  the 
nitrogenous  material,  at  least,  is  less  readily  acted  upon  by  the  diges- 
tive juices  than  is  the  case  with  food  materials  of  animal  origin.  In 
the  case  of  the  legumes,  for  example,  the  cellulose  may  protect  the 
proteid  from  the  action  of  the  digestive  juices,  especially  if  the 
cooking  is  not  thorough.  With  the  ordinary  articles  of  human  diet 
the  preliminary  preparation  is  usually  so  complete  that  this  distinc- 
tion is  not  so  marked,  but  certainly  in  experiments  with  animals  the 
evidence  is  very  convincing. 

Fecal  nitrogen  is  then  a  resultant  of  a  large  proportion  of  metabolic 
products  and  epithelial  debris,  and  of  a  relatively  small  proportion 
of  the  ingested  nitrogen.  Furthermore,  food  materials  of  different 
nature  require  varying  amounts  of  digestive  juices.  There  is  in 
general  a  much  larger  proportion  of  nitrogen  in  the  feces  from  vege- 
table than  from  animal  proteids.  It  seems  fair  to  conclude,  there- 
fore, that  the  vegetable  proteids  are  somewhat  less  digestible  than 
the  animal,  even  though  the  method  of  taking  the  total  fecal  nitrogen 
as  a  measure  of  the  undigested  proteid  of  the  food  is  known  to  be 
inaccurate. 

The  apparent  digestibility  of  vegetable  carbohydrates  and  fats 
when  compared  with  animal  carbohydrates  and  fats  does  not  show 
as  great  discrepancies  as  does  the  proteid,  and  while  unquestionably 
the  feces-forming  property  of  the  different  foods  here  also  plays  an 
important  role  in  determining  the  quantity  of  feces,  our  experimental 
technique  is  not  as  yet  sufficiently  perfected  to  include  separations 
of  the  food  residues  from  the  intestinal  debris  and  metabolic  products. 
This  is,  of  course,  of  most  importance  with  fat  because  of  the  large 
quantity  of  "ether  extract"  in  digestive  juices,  but  it  is  doubtful 
whether  any  considerable  quantity  of  body  carbohydrates  would  be 
found  in  the  feces.  Since  the  method  of  determining  carbohydrates 
is  by  difference,  and  consequently  subject  to  the  cumulative  effect 
of  all  errors  of  analysis,  little  stress  can  be  placed  upon  this  determi- 
nation. As  a  matter  of  fact,  however,  the  quantities  of  carbohy- 
drates other  than  crude  fiber  in  the  feces  appear  to  be  very  small, 
and  the  propfortion  of  all  carbohydrates  apparently  digestible  is 
correspondingly  large. 

RESULTS  OF  DIGESTION  EXPERIMENTS. 

A  summary  of  the  results  of  the  digestion  experiments  made  in 
connection  with  the  metabolism  experiments  reported  in  this  bulletin 
is  given  in  Table  60,  and  for  purposes  of  comparison  the  averages  of 
results  of  similar  nature  previously  reported  are  also  included. 
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Table  60. — Summary  of  the  results  of  digestion  experiments. 


Diges-  ]  Metab- 

Subject  and  character  of 
e.xperimcnt. 

Coefficients  of  digestibility. 

Availa- 
bility of 
energy. 

experi- 
ment 
No. 

experi- 
ment 
No. 

Protein. 

Fat. 

Carbohy- 
drates! 

Ash. 

619 

614 
616 

622 

620 
625 

615 
617 
621 
623 
624 

60 

56 
57 
62 

60 
65-67 

56 
57 
61 
62 
63-64 

Preliminary  Period. 

Rest  experiments. 

B.  F.  D.,  carbohydrate  diet  

Average  of  8  experiments  previ- 

Average  of  9  rest  experi- 
ments   

Work  experiments. 

J.  C.  W.,  fat  diet  

J.  C.  W.,  carbohvdrate  diet  

A.  L.  L..  mi.xed  diet  

Per  cent. 
91.7 

92.4 

Per  cent. 
96. 2 

94.7 

Per  cent. 
97.  5 

•  97.6 

Per  cent. 
74.  7 

72.3 

Per  cent. 
90.5 

89.9 

92.3 

94.9 

97.6 

72.6 

90.0 

89.5 
81.  8 

9i!o 

94.6 
90.  9 

96.2 
97.6 

56.8 
56.6 

91.4 

92.6 
9il 

Average  of  3  experiments 
here  reported  

Average  of  10  experiments 
previously  reported  

Average  of  all  (13)  work 
experiments  

Average  of  4  experiments, 
work  and  rest,  here  re- 
ported  

.Yverage  of  18  experiments 
previously  reported  

Average  of  all  (22)  experi- 
ments, preliminary  period. 

Calorimeter  Period. 

Rest  exprrments. 

B.  F.  D.,  carliohvdrate  diet  

A.  L.  L.,  carbohydrate  diet  f>  

Average  of  2  experiments 
here  reported  

Average  of  11  experiments 
previously  reported  

Average  of  all  (14)  rest  ex- 

Work  experiments. 

J.  C.  W.,  fat  diet  

J.  C.  W.,  carbnhvdratr  iliet  

B.  F.  D.,  earlxihvdnitc  diet  

A.  L.  L.,  carbohydrate  diet  

A.  L.  L.,  fat  diet  

Average  of  5  experiments 
here  reported  

Average  of  21  experiments 
previously  reported  

Average  of  all  (26)  work  ex- 
periments   

Average  of  7  calorimeter  ex- 
periments here  reported... 

Average  of  32  calorimeter 
experiments  previously 
reported  

Average  of  all  (39)  calori- 
meter experiments  

(17  4 

a  09  SJ 

1 

"96.9  1  156.7 

92.4 

89.  4 

95.  5 

97.2 

72.1 

92.1 

88.  9 

0  95. 0 

097. 1 

o69.  5 

a  92.  2 

88.5 

"93.9 

a  97.  1 

a  62.  7 

91.9 

90.7 

95.1 

97.  4 

72.  2 

91.1 

90.3 

1194.9 

097.  4 

170.8 

91.2 

89  5 

94!  0 

95,  3 
94!  1 

97.0 
98.2 

66.9 
58.3 

89.8 
88.9 

91.8 

94.7 

97.6 

62.6 

89.4 

93.2 

94.6 

97.9 

74.1 

90.5 

93.0 

94.6 

97.9 

72.3 

90.  3 

89. 9 
82^9 
89.8 
85.  7 
94  0 

96.  4 
91^8 
96.  4 
96.  0 
9a  0 

96.  4 
98. 1 
97.5 
97.3 
95.  4 

59.1 
63.5 
72. 1 
53.9 
63.6 

92.0 
92.8 
91.7 
92.2 
93.0 

88.5 

95.7 

97.0 

62.4 

92.3 

89  5 

95  9 

97.7 

70.4 

92.6 

89.3 

95.9 

97.6 

68.9 

92.6 

89.4 

95.4 

97.2 

62.5 

91.5 

90.  8 

95.5 

97.8 

71.7 

91.9 

90.5 

95.5 

97.7 

70.0 

91.8 

"  Exclusive  of  digestion  experiment  No.  621.  6  One  day  of  rest,  three  of  very  light  exercise, 

21482— No.  175—07  9 
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Table  60. — Summary  of  the  results  of  digestion  experiments — Continued. 


Diges- 
tion 
experi- 
ment 
No. 

Metab- 
olism 

experi- 
ment 
No. 

Subject  and  character  of 
experiment. 

Coefficients  of  digestibility. 

Availa- 
bility of 
energy. 

Protein. 

Fat. 

Carbohy- 
drates. 

Ash. 

618 

58 

Peeliminakt  and  Calorimeter 
Periods. 

H.  F. ,  carbohydrate  diet  light  ex- 
ercise, and  rest  n  

Average  of  all  (12)  experi- 
ments here  reported  

Average  of  all  (50)  experi- 
ments previously  reported. 

Average  of  all  (62)  experi- 
ments  

Per  cent. 
93.6 

Per  cent. 
94  9 

Per  cent. 
97.2 

Per  cent. 
72.9 

Per  cent. 
90.9 

89.5 
90.8 
90.5 

6  94.9 
95.3 
6  95.2 

6  97.2 
97.6 
6  97.5 

6  6a  5 
71.9 
6  70.4 

91.6 
9L6 
91.6 

a  Three  days  of  light  exercise,  preliminary  period,  followed  by  three  days  of  rest  in  calorimeter.  No 
separation  of  feces  between  periods. 
6  Exclusive  of  digestive  experiment  No.  621. 


For  purposes  of  discussion  the  experiments  are  subdivided  into 
preliminary  and  calorimeter  periods,  and  into  rest  and  work  experi- 
ments. In  metabolism  experiment  No.  58  there  was  no  separation  of 
feces  between  the  prelimmary  and  calorimeter  periods,  and  conse- 
quently both  periods  are  reported  as  a  single  digestion  experiment. 
This,  however,  is  especially  advantageous,  since  unusual  interest  lies 
in  this  experiment  from  the  dietetic  habits  of  the  subject.    (See  p.  84.) 

Considering  the  experiments  as  a  whole,  it  maybe  said  that,  in  accord 
with  all  other  observations  made  in  this  laboratory  on  healthy  sub- 
jects, the  digestion  of  the  food  was  normal. 

INTLTJENCE  OF  MUSCULAR  WORK  UPON  DIGESTIBILITY. 

In  discussing  the  effect  of  muscular  work  upon  the  digestibility  of 
food,  experiments  to  be  strictly  comparable  should  be  made  with  the 
same  subject  living  on  essential^  the  same  diet  durmg  both  a  rest  and 
a  work  period.  Since,  however,  with  increased  muscular  activit}^  a 
marked'  increase  in  diet  is  called  for,  and  since  in  all  experiments  thus 
far  made  the  primary  object  of  the  work  experiments  was  not  to  study 
the  influence  of  work  upon  digestibilit}',  no  experunents  have  thus  far 
been  made  in  the  calorimeter  designed  for  the  specific  object  of  ascer- 
taining the  influence  of  muscular  work  upon  digestibility  of  food. 
Consequentl}^  anj  discussion  of  this  subject  must  be  imsatisfactory 
and  inconclusive.  Such  evidence  as  is  at  hand  however,  is  presented 
in  Table  61.  For  purposes  of  comparison  the  results  of  earlier  experi- 
ments reported  in  detail  elsewhere  are  given  in  the  same  table. 

In  digestion  experiment  No.  622  (preliminary  to  metabolism  experi- 
ment No.  62)  the  digestibility  of  fat,  carbohydrates,  and  ash  was  not 
determined.  This  is  due  to  the  fact  that  we  have  come  to  believe  that 
the  value  of  the  evidence  from  the  preliminary  digestion  experiments 
is  no  longer  sufficient  to  warrant  the  labor  mvolved  in  the  extra 
analyses  and  computations  incidental  to  these  determinations. 
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The  series  of  preliminary  periods  include  the  results  of  one  diges- 
tion experiment  during  rest,  i.  e.,  experiment  No.  619  (preliminary 
to  metabolism  experiment  No.  60),  and  three  during  work,  Nos.  614, 
616,  and  622.  These  were  followed  by  corresponding  experiments  in 
the  respiration  chamber.  The  averages  in  the  table  are  made  with 
a  view  of  facilitating  comparison. 

The  results  of  the  preliminary  periods  as  they  stand  in  the  table 
indicate  that  the  digestibility  of  the  protein  in  the  work  experiments 
was  lower  than  that  during  tlie  rest  experiments,  being  especially  low 
in  experiment  No.  57,  with  J.  C.  W.  on  a  carbohydrate  diet.  The 
lower  digestibility  of  protein  is,  however,  to  be  ascribed  not  so  much 
to  the  influence  of  muscular  work  upon  the  diet  as  to  the  character  of 
the  diet  itself.  A  very  large  proportion  of  the  j^rotein  in  this  diet  was 
obtained  from  vegetable  rather  than  from  animal  sources,  and  the 
vegetable  protein  in  the  forms  in  which  it  was  usually  eaten  is  admit- 
tedly more  difficult  of  digestion.  No  noticeable  differences  are  to  be 
observed  in  the  digestibility  of  the  fat  and  carbohydrates  in  the  rest 
and  work  ex))eriments.  The  digestibility  of  ash  in  the  two  experi- 
ments with  J.  C.  W.  was  unusually  low-.  In  fact,  the  digestibility  of  the 
asli  in  both  experiments  was  lower  than  in  any  experiments  thus  far 
made  in  connection  with  the  nutrition  work  at  IMiddletowm  with  the 
exception  of  No.  26,  in  which  it  was  44.4  per  cent,  and  No.  62,  in  which 
it  was  53.9  per  cent.  However,  the  incidental  errors  accompanying 
the  determination  of  ash  and  the  significance  of  its  digestibility  are 
such  as  not  to  warrant  any  especial  discussion  of  this  subject.  In 
availability  of  energy  there  was  a  slight  advantage  in  favor  of  the 
work  experiments.  It  is  interesting  to  note  that  this  is  in  accord 
with  the  preliminary  experiments  previously  reported. 

()f  the  seven  digestion  experiments  carried  on  in  the  respiration 
chamber,  two  were  during  rest  and  the  remainder  during  work. 
Comparing  the  resvdts  of  the  rest  experiment  with  those  previously 
reported,  it  is  seen  that  the  only  material  variation  from  previous 
results  is  in  the  lower  digestibility  of  the  protein  in  experiment  No. 
620.  This  was  doubtless  due  again  to  the  preponderance  of  carbohy- 
drates in  the  diet  and  a  larger  proportion  of  vegetable  protein. 

The  series  of  experiments  Nos.  65  to  67,  designated  as  rest  experi- 
ments, in  reality  consists  of  one  day  of  rest  and  two  of  very  light  exer- 
cise, but  the  separation  of  the  feces  was  such  that  no  distinction  could 
be  made  between  these  days. 

The  work  experiments  here  reported  show  coefficients  closely  agree- 
ing in  all  respects  with  those  of  experiments  previously  reported"  save 
for  a  somewhat  lower  digestibility  of  ash. 

aU.  S.  Dept.  Agi-.,  Office  of  Experiment  Stations  Bui.  136,  p.  107;  Connecticut 
(Storrs)  Expt.  Sta.  Rpt.  1901,  p.  179. 
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On  comparing  the  results  of  the  "work  and  rest  experiments  and  also 
the  results  of  all  experiments  both  rest  and  work  here  and  previously 
reported,  there  may  be  noted  in  general  a  slight  advantage  in  favor 
of  the  rest  experiments  with  regard  to  the  digestibility  of  protein,  no 
material  differences  in  the  digestibility  of  fat,  carbohydrates,  and  ash, 
and  a  slight  advantage  in  favor  of  the  work  experiments  in  the  avail- 
ability of  energy.  It  therefore  seems  reasonable  to  conclude  that 
muscular  work  exerted  no  material  influence  on  digestibility. 

It  is  interesting  to  note  that  this  conclusion  is  in  accord  with  that 
drawn  by  Wait "  and  by  Atwater  and  Sherman,''  as  a  result  of  diges- 
tion experiments  made  with  subjects  performing  severe  muscular 
work,  and  also  with  what  has  been  pointed  out  in  previous  reports  of 
experiments  with  the  respiration  calorimeter. 

INFLUENCE  OF  THE  CHARACTER  OF  THE  DIET  UPON  DIGESTIBILITY. 

As  was  previously  stated,  several  of  these  experiments  were  pri- 
marily designed  to  study  the  effect  of  fat  as  compared  with  carbo- 
hydrates in  a  diet  for  muscular  work,  consequently  the  diets  were 
so  chosen  that  the  fats  would  preponderate  during  one  period 
and  carbohydrates  during  another.  No  especial  attention  was  paid 
to  securing  the  protein  from  a  constant  source  and  thus  not  alter  in 
any  way  the  nature  of  the  protein  supplied.  As  a  matter  of  fact,  in 
the  experiments  with  fat  diet,  a  large  proportion  of  the  protein  was 
obtained  from  animal  food,  such  as  milk  or  cream,  while  in  the  car- 
bohydrate period  the  larger  proportion  of  the  protein  was  derived 
from  bread  or  other  vegetable  food  materials.  It  is  therefore  appar- 
ent that  a  discussion  of  the  effect  of  carbohydrate  versus  fat  diet  upon 
digestibility  is  complicated  by  the  fact  that  the  nature  of  the  protein 
furnished  is  altered.  Bearing  this  in  mind,  we  may  examine  the 
results  shown  in  Table  61. 


Table  61. — Com.parisoji  of  the  results  of  experiments  with  fat  diet  and  with  earbohij- 

drate  diet. 


Diges- 
tion 
expt. 
No. 

Meta- 
Ijolism 
expt. 
No. 

Subject  andcharacter  of  expeiimeut. 

Coefficients  of  digestibility. 

Availa- 
bility 
of  energy. 

Protein. 

Fat. 

Carbo- 
hydrates. 

Ash. 

615 
624 

56 
63 

J.  C.  W.,  work,  fat  diet  

A.  L.  L.,  severe  work,  fat  diet  

Average  of  above  2  experi- 
ments  

Average  of  17  experiments  on 
fat  diet  previously  reporter! . 

Average  of  all  (19)  experi- 
ments on  fat  diet  

Per  cent. 
89.9 
94.0 

Per  cent. 
96.4 
98.0 

Per  cent. 
96.4 
95.4 

Per  cent. 
59.1 
63.6 

Per  cent. 
92.0 
93.  0 

92.0 

97.2 

95.9 

61.4 

92.5 

90.  6 

96.7 

97.0 

67.4 

91.7 

90.7 

96.8 

96.9 

66.8 

91.8 

oU.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Buls.  89,  117. 
b  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  98. 
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Table  (il. — Compurhon  of  the  results  of  rxpcrlmcnls  v'ith  fat  did  and  u'ith  carbohy- 
drate diet — Continued. 


Digps- '  Mota- 
tion  bolisin 
expt.  !  cxpt. 
No.  1  No. 


,58 
62 
57 
(il 
62 
65 


Subject  and  character  of  experiment. 

Coefficients  of  digestibility. 

Availa- 
bility 
of  energy. 

Protein. 

Fat. 

Carbo- 
hydrates. 

Ash. 

II.  F.,  rest,  ciirbohvdrate  diet  

B.  F.  D.,  rest,  Ctrl Kihvdni to  dirt . . . 
.I.e.  W.,  work.  (■;!  rl.ohvdratc  diet .  .. 
B.  F.  D.,  wor  k.cMiiidliydnite  diet. .. 
A.  L.  L.,  work,  Oil rljohydrate  diet. . . 
A.  L.   I,.,  light  exercise,  carbo- 
hydriite  diet  

.\verage  of  above  6  experi- 
ments  

-Vverage  of  9  experiments  on 
carljohydrate    diet,  prev- 
iously reported  

Average  of  all  ,'1,''')  experi- 
ments on  carbohydrate  diet. 

Average  of  18  experiments  on 
ordinary  diet,  previously 
reported  

Per  cent. 
93.6 
89.5 
82.9 
89.8 
85.  7 

94.0 

Per  cent. 
94.9 
95.3 
91.8 
96.  4 
96.  0 

94. 1 

Per  cent. 
97.2 
97.0 
98. 1 

97.  5 
97.3 

98.  2 

Per  cent. 
72.9 
66.9 
63.  5 
72. 1 
53.9 

58.3 

Per  cent. 
90.9 
89. 8 
92.8 
91.7 
92.  2 

88.9 

89.3 

94.8 

97.6 

64.6 

91.1 

89.1 

94.3 

98.2 

72.3 

92.7 

89.2 

94.5 

97.9 

69.2 

92.1 

92.  4 

94.5 

97.9 

77.3 

90.5 

Two  experiments,  Nos.  615  and  624,  were  made  with  diets  which 
were  essentially  fat.  The  digestihility  of  the  protein  averaged  92 
per  cent,  wliich  is  .sliglitly  greater  than  in  the  average  of  seventeen 
previously  reported  experiments  on  a  fat  diet."  No  material  differ- 
ences are  observed  in  digestibility  of  the  other  constituents,  aside 
from  ash,  between  these  results  and  those  of  earlier  experiments. 
With  the  carbohydrate  diet,  the  average  of  the  experiments  here 
reported  agrees  very  closely  with  the  results  from  the  average  of  nine 
experiments  on  a  carbohydrate  diet  as  ])reviously  reported. 

The  average  of  fifteen  experiments  on  a  carbohydrate  diet,  includ- 
ing the  results  of  six  here  reported  and  those  of  the  nine  earlier  ones, 
when  compared  with  the  average  of  the  nineteen  experiments  on  fat 
diet,  shows  a  very  slight  advantage  for  the  latter  in  respect  to  the 
digestibility  of  protein  and  fat,  no  material  differences  as  regards 
ash  and  energy,  and  a  slight  advantage  in  favor  of  the  digestibility 
of  carbohydrates  in  the  carbohydrate  diet. 

All  things  considered,  and  especially  in  view  of  the  marked  altera- 
tions in  the  nature  of  the  protein  furni.shed,  it  is  difficult  to  ascribe 
to  the  presence  of  a  large  proportion  of  either  fat  or  carbohydrates 
any  material  influence  on  the  digestibility  of  the  diet  as  a  whole.  In 
all  the  exj)eriments  the  variations  in  digestibility  were  slight,  indicat- 
ing that  digestion  was  normal,  and  in  no  way  disturbed.  It  might 
naturally  be  supposed  that  in  a  diet  with  a  large  preponderance  of 
fat  the  proportion  of  fat  digested  would  be  less  than  in  a  diet  where 
the  fat  was  in  more  nearly  ordinary  proportions.  A  similar  state- 
ment may  be  made  regarding  the  carbohydrates.    The  evidence  here 


o  Loc.  cit. 
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presented  shows  that  this  is  not  the  case,  and  that  irrespective  of  the 
total  amount  of  individual  nutrients  ingested  the  proportion  digested 
remains  practically  constant.  This  is  of  considerable  significance  in 
any  discussion  of  the  effect  of  large  compared  with  small  quantities 
of  food.  (See  below.)  In  fact  a  comparison  of  the  experiments  with 
fat  and  carbohydrate  diets  with  the  average  of  eighteen  experiments 
on  ordinary  diets  previously  reported"  shows  that  save  for  a  slight 
advantage  in  favor  of  the  ordinary  diet  so  far  as  the  digestibility  of 
the  protein  is  concerned,  which,  as  explained,  is  due  to  the  prepon- 
derance of  vegetable  protein  in  some  of  the  special  diets,  there  are  no 
appreciable  differences  in  the  digestibility  of  the  different  nutrients, 
although  there  is  a  slight  advantage  in  favor  of  the  one-sided  diets 
with  respect  to  the  availability  of  energy. 

INFLUENCE  OF  SOJOURN  INSIDE  THE  RESPIRATION  CHAMBER  ON 

DIGESTIBILITY. 

The  possible  influence  of  confinement  inside  the  respiration  cham- 
ber on  the  digestibility  of  food  is  of  importance  and  should  be  care- 
fully considered.  A  large  number  of  experiments  were  discussed  in 
this  connection  in  a  previous  report,  and  it  was  there  shown  that  the 
sojourn  in  the  chamber  was  practically  without  influence  on  the 
digestibility  of  food.  In  the  experiments  here  reported  further  op- 
portunity is  given  for  observation.  Each  of  the  present  series  was 
preceded  as  usual  by  a  preliminary  digestion  period,  though  in 
that  with  H.  F.  no  separation  of  feces  was  made,  and  consequently 
no  data  are  available  for  comparing  the  digestibility  before  and  after 
entering  the  respiration  chamber.  In  experiments  Nos.  62  to  67, 
inclusive,  the  analyses  of  the  preliminary  period  were  incomplete, 
there  being  no  determinations  of  fat,  carbohydrate,  ash,  or  water, 
consequently  in  the  discussion  only  the  digestibility  of  protein  and 
energy  are  here  considered.  From  the  table  it  is  seen  that  the  digesti- 
bility was  practically  the  same  whether  the  subject  was  inside  the 
respiration  chamber  or  not,  indicating  that  the  sojourn  in  the  appa- 
ratus had  no  influence  upon  it.  This  fact  is  of  no  great  interest  so 
far  as  the  digestibility  of  foods  in  general  is  concerned,  but  it  has  its 
significance  in  that  it  is  one  more  factor  to  show  that  in  these  investi- 
gations the  variations  in  the  composition  of  the  atmosphere,  the 
restricted  muscular  activity  in  rest  experiments,  the  limited  and  at 
times  one-sided  diet,  and  other  unusual  conditions  apparently  pro- 
duced no  untoward  effects  upon  the  subjects. 

INFLUENCE  OF  THE  QUANTITY  OF  FOOD  ON  DIGESTIBILITY. 

The  variations  in  the  quantities  of  food  ingested  might  readily  be 
supposed  to  cause  corresponding  variations  in  the  amount  absorbed. 

1  Loc.  cit. 

b  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  136,  p.  109. 
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In  a  previous  bulletin,"  it  was  shown  that  there  was  no  marked  differ- 
ence in  the  amount  of  food  digested,  whether  the  quantity  consumed 
was  large  or  small.  The  results  of  the  experiments  here  reported  con- 
firm this  view,  which  is  in  general  accord  with  other  observations,'' 
where  large  or  small  diets  have  been  fed  to  the  same  individual. 

It  is  important  to  bear  in  mind,  however,  that  when  large  diets  are 
fed  the  body  is  almost  invariably  at  a  greater  degree  of  activity,  and 
consequently  the  digestibility  may  be  influenced  not  solely  by  the 
presence  of  larger  quantities  of  food  in  the  intestinal  tract,  but  also  by 
muscular  work.  It  is  therefore  impossible  to  distinguish  as  to  which 
factor  would  afl'ect  digestibility,  muscular  work,  or  the  presence  of 
a  large  amount  of  food  in  the  intestines.  As  a  matter  of  fact,  all 
evidence  thus  far  accumulated  goes  to  show  that  large  quantities  of 
food  accompanied  hy  increased  muscular  activity  result  almost 
invariably  in  the  same  ]>roportional  digestibility  of  the  nutrients  of  the 
food  as  under  ordinary  conditions. 

INFLUENCE  OF  PROLONGED  MASTICATION  OF  FOOD  ON  DIGESTIBILITY, 

It  has  long  been  a  popvdar  opinion  that  the  thorough  mastication  of 
food  tends  toward  a  more  complete  digestion  of  it,  and  this  theory  has 
been  especially  advocated  by  Fletcher  "  in  recent  years.  In  connec- 
tion with  the  experimental  work  in  this  laboratory,  opportunity  has 
been  had  in  a  mimber  of  instances  to  observe  the  effect  of  little  chew- 
ing as  compared  with  that  of  thorough  mastication  upon  digestibility. 
A  large  number  of  feces  have  been  examined,  but  we  have  rarely  found 
unaltered  material  of  sufficient  magnitude  to  enable  us  to  assert  from 
macroscopic  examination  that  it  was  undigested  food.  In  one  series, 
with  a  mimber  of  students,  rather  large  pieces  of  meat  were  found  in 
the  feces  of  one  subject,  who  had  literally  bolted  his  food.  In  a  study 
by  Atwater  and  Benedict  of  the  food  consumed  by  members  of  the 
Harvard  University  crew,''  it  was  found  that  when  canned  corn  was 
included  in  the  diet,  large  portions  of  it  passed  through  the  alimentary 
tract  imaltered,  and  indeed  with  remarkable  rapidity.  In  this  in- 
stance the  presence  of  the  undigested  corn  clearly  established  a 
diarrhea,  which  was  subsec[uently  checked  by  eliminating  corn  from 
the  diet. 

In  this  connection  digestion  experiment  No.  618  with  H.  F.  is  of 
considerable  interest.  This  subject  for  years  has  practiced  masticat- 
ing his  food  to  such  an  extent  as  to  secure  unusual  thoroughness  of 
comminution  and  insalivation  in  the  belief  that  he  has  thereby  in- 
creased the  econom}'  and  completeness  of  digestion  and  improved  liis 

a  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  136. 

6U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Buls.  89,  117. 

c  A.  B.-Z.  of  Om-  Own  Nutrition.    Horace  Fletcher,  New  York  [1903]. 

d  Boston  Med.  and  Surg.  Jour.  144.  p.  629. 
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bodily  health  and  general  vigor.  As  regards  thoroughness  of  diges- 
tion, no  especial  advantage  accrued  from  the  practice  in  this  investiga- 
tion, however,  according  to  the  data  summarized  in  Table  60.  The 
results  of  this  experiment  are  practically  identical  with,  the  average  of 
the  results  of  all  twelve  included  in  the  table,  and  also  with  the  average 
of  sixty- two  experiments,  including  these  twelve  and  the  fifty  others 
made  in  connection  with  earlier  metabolism  experiments  and  previ- 
ously reported.  The  digestibility  of  protein  in  the  experiment  with 
H.  F.  was  a  little  higher  than  the  average,  but  the  difference  is  not 
particularly  significant.  Furthermore,  this  is  but  one  experiment 
with  this  subject  in  comparison  with  so  many  others  mth  a  consider- 
able number  of  different  subjects;  among  those  are  several  in  which 
the  digestibility  of  the  protein  is  equal  to  that  in  Xo.  618.  In  fact,  in 
experiment  No.  625,  given  in  the  table  on  page  129,  in  which  the  condi- 
tions as  regards  diet,  bodily  activity,  etc.,  were  more  comparable  with 
those  in  No.  618  than  was  true  of  any  of  the  other  experiments  here 
reported,  the  subject  digested  a  trifle  larger  proportion  of  the  protein, 
though  he  paid  no  special  attention  to  thoroughness  of  mastication. 
The  comparison  of  the  results  of  experiment  No.  618  ^viih.  those  of 
any  of  the  other  experiments  is  always  necessarily  modified  by  the 
fact  that,  as  explained  on  page  90,  the  final  separation  of  feces  in  the 
investigation  mth  H.  F.  was  not  made  in  this  laboratorj^,  and  it  is 
our  impression  that  the  total  amount  collected  was  smaller  than 
what  should  be  ascribed  to  the  experimental  diet.  In  such  a  case 
the  coefficients  of  digestibility  of  the  nutrients  for  this  subject  would 
be  somewhat  smaller  than  is  shown  in  Table  60. 

In  other  digestion  experiments  conducted  in  tins  laboratory  in 
wlfich  the  diet  consisted  also  of  milk,  sugar,  and  the  cereal  breakfast 
food  such  as  used  by  H.  F;,  though  in  larger  amounts,  the  comparative 
digestibility  was  noted  for  two  subjects,  one  of  whom  masticated  his 
food  much  more  thoroughly  than  the  other.  The  results  have  been 
published  in  full  elsewhere."  In  these  experiments  the  subject  who 
ate  the  cereal  somewhat  rapidly  actually  digested  more  of  the  total 
organic  matter  of  the  diet  than  the  subject  who  masticated  it  much 
more  completely.  It  would  seem  that  thorough  mastication  should 
have  been  especially  effective  in  increasing  the  digestibility  of  the 
breakfast  food  used,  which  was  a  dry  "ready  to  eat"  vai'iety  and 
unless  it  were  very  finely  divided  by  chewing  would  naturally  resist 
to  a  certain  extent  the  action  of  the  digestive  juices;  but  there  was- 
little  evidence  that  it  appreciably  increased  the  completeness  of  diges- 
tion. It  may  have  had  some  effect  upon  the  ease  or  rapidity  of  diges- 
tion, but  that  is  another  matter,  which  was  not  studied  in  these 
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investigations,  and  lias  been  rarely  studied  for  both  stomach  and 
intestines,  though  popular  statements  concerning  it  are  not  uncommon. 

GENERAL  CONCLUSIONS  REGARmNG  DIGESTION  OF  FOOD. 

From  the  results  of  a  large  number  of  digestion  experiments,  includ- 
ing not  only  those  made  in  this  laboratory  in  connection  with  the 
investigations  in  the  respiration  calorimeter  and  in  the  study  of  prob- 
lems of  nutrition  not  involving  experiments  with  this  apparatus,  but 
also  those  forming  part  of  the  other  cooperative  nuiririon  investiga- 
tions of  this  Office,  and  those  made  by  other  investigations  elsewhere, 
it  is  evident  that  different  kinds  of  foods  differ  materially  in  respect 
to  the  digestibility  of  their  nutrients,  especially  protein.  The  protein 
of  animal  foods  like  meat  and  milk  is  more  completely  digested  and 
utilized  than  that  of  most  vegetable  foods,  like  beans  or  coarse  cereal 
products.  But  it  would  appear  that  a  given  kind  of  food  material 
is  digested,  %vithin  reasonable  limits,  with  equal  thoroughness  by  dif- 
ferent individuals  with  normal  digestive  functions,  irrespective  of 
differences  in  the  amount  of  food,  completeness  of  mastication,  mus- 
cular activity,  or  environment  of  the  subjects.  It  would  also  appear 
that  when  the  common  food  materials  make  up  the  diet  in  proportions 
in  which  they  are  ordinarily  used,  in  general  at  least  95  to  96  per  cent 
of  the  total  organic  matter  is  digested  and  utilized  by  the  bod}^. 
With  such  an  average  efficiency  there  is  little  opportunity  for  im- 
provement in  the  thoroughness  of  digestion  of  the  ordinary  diet.  Any 
dietetic  practice,  therefore,  such  as  excessive  mastication,  which  may 
be  claimed  to  result  in  greatSr  economy  in  the  utilization  of  food  so 
far  as  it  relates  to  thoroughness  of  digestion,  must  improve  upon  a 
condition  in  which  there  is  already  almost  complete  utilization. 

It  is  by  no  means  to  be  inferred  that  incomplete  mastication  is 
recommended.  At  least  an  ordinary  amount  of  chewing  is  necessary. 
Bolted  food  frequently  irritates  the  intestines,  as  has  been  pointed 
out,  and  hasty  eating  should  never  be  practiced.  Thorough  mastica- 
tion is  always  advisable.  The  desire  is  simply  to  show  that  the  pro- 
longed mastication  sometimes  advocated  does  not  result  in  any 
greater  economy  in  the  utilization  of  food.  Indeed,  on  the  basis  of 
energy,  it  may  reasonably  be  questioned  whether  the  muscular  work 
incidental  to  excessive  chewing  may  not  actually  result  in  a  waste  of 
energy.  This  is  a  question  worthy  of  investigation.  It  is  also  very 
desirable  to  ascertain  to  what  extent  thorough  chewing  increases  the 
ease  or  rapidity  of  digestion,  and  the  result  of  this  upon  nutrition 
and  bodily  comfort  and  well-being. 
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COMPOSITION  OF  FECES. 

The  percentage  composition  of  the  feces  pertaining  to  the  metabo- 
lism experiments  here  reported  is  given  in  Table  62. 


Table  62. — Average  percentage  composition  and  heat  of  combustion  of  water-free  and 
water-  and  ash-free  substance  of  feces  in  metabolism  experiments  Nos.  56-68  and  60-67. 


In  water-free  substance. 

In  water-  and  ash-free 
substance. 

Subject  and  character 
of  experiment. 

Duration. 

Nitrogen. 

Carbon. 

Hydrogen. 

Oxygen  by 
difference. 

Ash. 

Energy  per 
gram. 

Nitrogen. 

Carbon. 

Hydrogen.' 

Oxygen  by 
difference. 

Energy  per 
gram. 

J.  C.  W.,  experiment, work, 
5b..  

Days. 
3 

P.ct. 
3.  71 

P.  ct. 
55.  35 

P.  ct. 
8.42 

P.  ct. 
13.71 

P.  ct. 
18.81 

Cals. 
6.381 

P.ct. 
4  57 

P.  ct. 
68.17 

P.ct. 
10.37 

P.ct. 
16.89 

Cals. 
7.859 

A..  L.  L.,  2  expenments, 
work,  63,  64  

4 

2.  83 

50.  45 

7.55 

15.38 

23.79 

5.877 

3.71 

66.20 

9.91 

20.18 

7.712 

Average  of  3  experi- 
ments, fat  diet  

7 

3.21 

52.55 

7.92 

14.66 

21.66 

6.093 

4  08 

67. 04 

10. 11 

18.  77 

7.  775 

Carbohydrate  diet. 

J.  C.  W.,  1  experiment, 
work,  57  

■3 

5.57 

48.39 

6.64, 

24.  63 

14  77 

5. 134 

6.54 

56.76 

7.79 

28.91 

6.024 

H.  F.,  1  experiment,  work, 
58  

3 

2.95 

46.  23 

6.33 

24  56 

19.93 

4  932 

3.68 

57.74 

7.91 

30.67 

6.160 

B.  F.  D.,  1  experiment, 
work,  60  

3 

5.86 

45.73 

6.08 

24.23 

18. 10 

4  491 

7.16 

55.84 

7.42 

29.  58 

5.484 

B.  F.  D.,  1  experiment, 
work,  61  

1 

5.34 

50.28 

7.03 

20.88 

16.  47 

5.  241 

6.39 

60. 19 

8.  42 

25.00 

6.274 

A.  L.  L.,  1  experiment, 
work,  62  

3 

4.87 

45.46 

5.84 

25.  34 

18.49 

4  832 

5. 97 

55.77 

7.16 

31. 10 

5.928 

A.  L.  L. ,  3  experiments,  rest 

4 

3.  97 

37.78 

5. 14 

16.53 

36.58 

4  253 

6.26 

59.  57 

8. 10 

26.07 

6.706 

Average  of  8  experi- 
ments, carbohy- 
drate diet  

17 

4.65 

44.64 

6.01 

22.  54 

22. 16 

4  731 

5.97 

57.46 

7.74 

28.83 

6.111 

Average  of  11  experi- 
ments here  reported 

24 

4.23 

46.95 

6.67 

20.24 

22.01 

5. 128 

5.42 

60.25 

8.43 

25.90 

6.596 

Average  of  47  experi 
ments  pre\'ioasIy 
reported  

145 

5.33 

48.38 

6.71 

20.  79 

18.79 

5.377 

6.54 

59.58 

8.34 

25.54 

6.623 

Average  of  all  (58) 
experiments,  all 
diets  

169 

5.17 

48.18 

6.69 

20.71 

19.25 

5.  342 

6.38 

59.68 

8.35 

25.59 

6.619 

For  purposes  of  comparison  with  the  previously  reported  experi- 
ments, the  composition  is  computed  on  the  basis  of  the  water-free 
substance  and  likewise  on  the  water-  and  ash-free  or  organic  sub- 
stance. In  the  experiments  previously  reported"  the  composition 
of  feces  was  tabulated  for  the  subjects  irrespective  of  diet,  although 
distinction  was  made  between  rest  and  work  experiments.  Varia- 
tions in  the  composition  of  the  feces,  however,  appear  to  be  due  not 
to  differences  in  individuals,  but  to  differences  in  the  character  of  the 
diet,  and  hence  in  the  experiments  here  reported  the  latter  factor  is 
the  basis  of  the  subdivision. 
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The  experiment  with  J.  C.  W.  and  two  experiments  with  A.  L.  L., 
coverino;  a  total  of  seven  days,  liad  a  preponderance  of  fat  in  the  diet. 
The  ])ercentage  of  nitrogen  is  considerably  lower  in  the  feces  from  the 
fat  diet,  the  percentage  of  carbon  and  hydrogen  higher,  the  oxygen  by 
difference  lower,  and  no  material  difference  in  the  ash.  The  energy 
was  considerably  higher  in  the  feces  on  the  fat  diet.  This  is  more 
markedly  shown  when  the  computations  are  based  on  the  amount  of 
organic  substance  in  the  feces — i.  e.,  deducting  the  water  and  ash. 
The  low  percentage  of  nitrogen,  and  of  oxygen  by  difference,  the 
liigli  percentage  of  carbon  and  hydrogen,  and  the  energy  per  gram 
in  the  fat  diet,  when  compared  with  the  carbohydrate  diet,  are  very 
noticeable. 

Of  the  experiments  on  a  carbohydrate  diet,  that  of  H.  F.  shows 
the  greatest  abnormalities.  Here  the  percentage  of  nitrogen  is  low, 
and  indeed  lower  when  considered  on  the  basis  of  organic  material 
than  the  percentage  of  nitrogen  in  the  experiments  with  fat  diet. 
Aside  from  the  very  low  percentage  of  nitrogen,  however,  no  other 
marked  variations  from  the  normal  are  to  be  observed  m  the  feces  of 
this  experiment.  This  is  probably  in  large  part  accounted  for  by  the 
fact  that  the  total  amount  of  nitrogen  ingested  was  about  one-half 
that  consumed  by  the  subjects  of  the  previously  reported  experi- 
ments. Comparing  the  results  of  the  experiments  of  the  fat  diet  it 
is  seen  that  the  percentage  of  nitrogen  is  considerably  smaller  in 
these  ex])eriments  than  in  the  earlier  ones,  while  those  of  carbon, 
hydrogen,  and  oxygen  are  somewhat  less,  and  the  ash  considerably 
higher.  The  energy  per  gram  is  somewhat  lower.  This  is  still  more 
noticeably  brought  out  when  computations  are  based  on  the  organic 
material  present.  In  the  average  of  the  eight  experiments  with  car- 
bohydrate diet  here  reported,  the  percentage  of  nitrogen,  carbon, 
hydrogen,  and  oxygen  by  difference,  as  well  as  the  energy  per  gram 
is  considerably  lower,  while  the  ash  content  is  very  much  higher,  than 
in  tliat  of  the  six  work  experiments  previously  reported."  When 
computed  on  the  basis  of  organic  substance,  the  percentage  of  nitro- 
gen still  remains  considerably  lower,  but  the  discrepancies  in  the 
percentage  of  carbon,  hydrogen,  oxygen  by  difference,  and  energy 
per  gram  practically  disappear. 

The  marked  increase  in  the  ash  content  on  the  average  of  the  eight 
experiments  here  reported  with  carbohydrate  diet  is  due  almost 
wholly  to  the  abnormally  high  ash  content  for  the  four  days  of  the 
three  rest  experiments  with  A.  L.  L.,  for  which  the  percentage  of  ash 
in  water-free  substance  was  36.58,  twice  the  average  for  the  other  five 
experiments.    It  is  interesting  to  note  that  in  spite  of  this  high  ash 
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content,  the  energy  per  gram  when  computed  on  the  water-  and  ash- 
free  basis  is  not  far  from  that  foimd  m  aU  the  experunents  with  the 
carbohydrate  diet.  , 

An  inspection  of  the  figures  shows  no  very  great  abnormahties 
regarding  the  composition  of  the  feces  other  than  those  two  men- 
tioned above,  namely,  low  nitrogen  content  of  the  feces  of  H.  F. 
and  high  ash  content  of  the  feces  of  A.  L.  L.  durmg  the  rest  experi- 
ment, and  the  evidence  as  here  set  forth  would  indicate  that  the 
influence  of  the  individual  upon  the  composition  of  the  feces  is  very 
much  less  than  that  of  the  character  of  the  diet,  and  that  like-^Wse 
the  difference  between  rest  and  work  is  not  great,  providing  the 
character  of  the  diet  is  the  same  in  both  instances. 

In  Table  63  the  relation  of  the  other  elements  to  nitrogen,  and 
of  energy  to  organic  matter,  nitrogen,  and  carbon,  in  the  feces  is 
shoATO. 

Table  63. — Relation  of  other  elements  to  nitrogen,  and  of  energy  to  organic  matter,  nitro- 
gen, and  carbon,  in  feces  in  metabolism  experiments  Nos.  56-58  and  60-67. 


Amounts  per  jram  of  nitro-        Energy  per  gram  of- 


Subjects  and  character  of 
experiments. 

Dura- 
tion. 

Carbon 

Hydro- 
gen. 

Oxygen 

(bv 
differ- 
ence) . 

Organ- 
ic sub- 
stance. 

Organic 

sub- 
stance. 

Nitro- 
gen. 

Carbon. 

Rest  experiments. 

H.  F.,  experiment  No.  58,  car- 
bohvdrate  diet  

B.  F.  D..  experiment  Xo.  (50, 
carbohydrate  diet  

A.  L.  L.,  experiments  Nos.  65, 
66,  and  67,  carbohj-drate  diet. . 

Average  of  5  rest  experi- 
ments  

Work  experiments. 

J.  C.  W.,  experiment  No.  56,  fat 
diet  

J.  C.  W.,  experiment  No.  57,  car- 
bohydrate diet  

B.  F."  D..  experiment  No.  61, 
carbohydrate  diet  

A.  L,  L..  experiment  No.  62, 
carbohydrate  diet  

A.  L.  L.,  experiments  Nos.  63 
and  64,  fat  diet  

Average  of  6  work  experi- 
ments  

Average  of  11  experiments 
here  reported  

Average  of  47  experiments 
previously  reported. .  .. 

Average  of  all  experiments 

Days. 
'  3 

3 

4 

Grams. 
15.69 

7.80 

9.52 

Grams. 
2. 15 

1.04 

1.  29 

Grams. 
8.33 

4.13 

4. 16 

Grams. 
27.17 

13.97 

15.97 

CaJories. 
6. 16 

5.48 

6.71 

Calories. 
167. 39 

76.59 

107.12 

Calories. 
10.67 

9.82 

11.26 

10 

10.86 

1.47 

5.40 

18.73 

6.18 

116.04 

10.65 

3 
3 

1 

3 
4 

14.91 
8. 68 
9.42 
9. 34 

17. 84 

2. 27 
1.19 
1.32 
1. 20 
2.67 

3.70 
4.42 
3.91 
5.21 
5.44 

21.88 
15.29 
15. 65 
16.75 
26.95 

7.86 
6.02 
6.27 
5.93 
7.71 

171. 97 
92. 11 
98. 18 
99.30 

207. 87 

11.53 
10. 61 
10.42 
10.63 
11.65 

14 

12.83 

1.86  1  4.69 

20.38 

'  6.90 

144. 27 

11.09 

24 

12. 01 

1.70 

4.99  !  19.70 

6.60 

132. 51 

10.91 

145 

9.23 

1.29 

3. 93  ;   15.  45 

6.67 

102.73 

11.14 

169 

9.62|     1.35  1  4.08 

16.05 

- 

6.66 

106.96 

11.11 

It  is  highly  desirable,  if  possible,  to  secure  some  standard  factors 
which  can  be  used  for  computing  some  of  the  data  regarding  feces. 
In  the  report  of  earlier  experiments"  it  was  pointed  out  that  the 
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amounts  of  carbon,  hydrogen,  oxygen,  and  organic  substance  per 
gram  of  nitrogen  varied  considerably  in  feces  from  different  indi- 
viduals on  different  diets.  This  conclusion  seems  substantiated  by 
the  results  of  the  experiments  reported  herewith.  For  example,  the 
amount  of  carbon  per  gram  of  nitrogen  ranges  from  7.89  grams  in 
experiment  No.  60,  with  B.  F.  D.  on  a  carbohydrate  diet,  to  17.84 
grams  in  experiments  Nos.  63  and  64,  with  A.  L.  L.  on  a  fat  diet,  and 
averages  12.01  grams  for  all  eleven  of  the  experiments.  In  the  five  rest 
experiments  the  average  was  10.86  grams,  and  in  the  six  work  exper- 
iments 12.83  grams.  The  marked  variation  in  this  ratio  of  carbon  to 
nitrogen  in  feces  is  still  more  clearly  shown  by  the  fact  that  in  the 
average  of  forty-seven  experiments  previously  reported  there  were 
9.23  grams  of  carbon  per  gram  of  nitrogen.  Obviously  the  ratio  is 
not  at  all  well  established.  Wliat  is  true  regarding  carbon  is  true  in 
a  similar  measure  regarding  hydrogen,  oxygen,  and  organic  substance. 
It  therefore  seems  practically  impossible  to  establish  an}^  ratios  for 
use  in  computing  the  quantity  of  carbon,  hydrogen,  oxygen,  and 
organic  substance  from  the  amount  of  nitrogen  in  feces. 

The  ratio  of  the  energy  of  the  feces  per  gram  of  organic  substance, 
nitrogen,  and  carbon  is  a  little  more  definite.  In  the  case  of  organic 
substance  the  results  in  the  experiments  here  reported  range  from 
5.48  calories  per  gram  in  experiment  No.  60  to  7.86  calories  in  experi- 
ment No.  56,  averaging  in  the  rest  experiments  6.18  calories  and  in 
the  work  experiments  6.93  calories  per  gram  of  organic  substance. 
The  two  experiments  with  fat  diet  increased  the  average  in  the  work 
experiments.  If  the  average  of  experiments  Nos.  57,  61,  and  62, 
which  were  all  on  carbohj^drate  diet,  is  taken,  there  is  practically  no 
dift'erence  between  the  results  for  rest  and  work  experiments.  The 
fact  that  this  ratio  is  a  fairly  constant  one  is  shown  by  a  comparison 
with  the  average  of  forty-seven  experiments  previously  reported,  in 
which  the  energ}'  per  gram  of  organic  substance  is  6.67  calories,  as 
compared  with  6.60  calories  in  the  average  of  the  eleven  experiments 
here  reported. 

jMuch  less  concordant  are  the  results  as  to  the  average  energy  per 
gram  of  nitrogen,  which  ranges  from  76.59  calories  in  the  case  of 
experiment  No.  60  to  207.87  calories  in  experiments  Nos.  63  and  64. 
The  average  for  the  eleven  experiments  here  reported  is  132.51,  as 
against  102.73  calories  of  the  forty-seven  experiments  previously 
reported.    Here  again  no  ratio  can  be  said  to  be  established. 

On  the  contrary,  the  data  regarding  the  energy  per  gram  of  carbon 
show  much  greater  concordance.  The  variations  range  from  9.82 
calories  in  experiment  No.  60  to  11.65  in  experiments  Nos.  63  and  64, 
with  an  average  of  10.65  for  the  five  rest  experiments,  and  11.09  for 
the  six  work  experiments,  or  10.91  for  the  eleven  experiments  here 
reported.  This  ratio  is  very  close  to  that  of  the  forty-seven  experi- 
ments previously  reported — i.  e.,  11.14.    It  is  to  be  observed  again 
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that  the  ratio  is  larger  in  the  experiments  in  which  the  fat  diet  pre- 
dominated, and  although  the  averages  agree  quite  closely,  the  ratio 
is  only  an  approximation.  While  the  data  do  not  show  the  compo- 
sition of  feces  and  the  ratio  of  the  different  elements  and  energy  with 
different  persons  on  exactly  the  same  diet,  they  tend  to  show  that, 
at  least  so  far  as  the  ratio  of  carbon  to  energy  is  concerned,  the 
amount  of  energy  per  gram  of  carbon  in  feces  is  not  far  from  1 1  calo- 
ries. The  elfect  of  the  character  of  the  diet  on  this  ratio,  however, 
must  not  be  lost  sight  of  in  computing  the  energy  from  the  carbon 
content  of  feces. 

The  energy  per  gram  of  organic  substance  in  feces  is  of  interest 
since  the  results  show  much  wider  variations  than  are  reported  by 
Rubner.*^  His  values  range,  for  1  gram  of  organic  material,  from 
6.061  to  6.357  calories,  when  the  average  diet  is  used.  With  a  meat 
diet  the  energy  increases  to  6.403  calories  per  gram.  In  the  experi- 
ments here  reported,  with  a  fat  diet,  the  energy  may  reach  7.86  calo- 
ries, while,  with  a  carbohydrate  diet,  one  experiment  gave  a  result 
of  5.48  calories.  The  average  of  all  the  experiments — 6.66  calories — 
is  considerably  higher  than  those  reported  by  Rubner.  This  is 
undoubtedly  due  to  the  fact  that  a  large  number  of  the  experiments 
were  made  with  a  fat  diet,  in  wliich  the  energy  per  gram  of  organic 
substance  is  much  higher  than  with  the  ordinary  mixed  diet.  The 
average  of  the  experiments  with  a  carbohydrate  diet  is  much  more 
nearly  in  accord  with  the  figures  presented  by  Rubner. 

COMPOSITION  OF  URINE. 

While  the  ordinary  urine  analyses  consist  mostly  of  determinations 
of  urea,  uric  acid,  phosphates,  sulphates,  and  pigments  and  abnormal 
constituents,  yet  for  metabolism  experiments,  especially  those  in 
which  the  income  and  outgo  of  energy  are  involved,  these  analyses  are 
not  adequate.  According  to  the  method  of  experimenting  employed 
in  connection  with  the  respiration  apparatus,  the  analyses  of  urine 
which  are  of  greatest  value  are  those  in  which  determinations  of  water, 
ash,  or  mineral  matter,  nitrogen,  carbon,  hydrogen  (organic)  and  heat 
of  combustion  are  made.  These  values  are  used  in  computing  the 
gains  or  losses  of  material  in  the  body  and  the  transformations  of 
energy,  since  a  portion  of  the  ingested  protein  is  excreted  in  the  urine 
as  unoxidized  material,  such  as  urea,  uric  acid,  and  other  nitrogenous 
compounds.  For  clinical  purposes  the  amounts  of  uric  acid,  urea, 
phosphates,  sulphates,  etc.,  and  the  ratios  between  these,  are  of 
extreme  importance.  Similarly,  ratios  between  the  different  elements 
and  the  energy  are  of  great  importance  in  computing  the  outgo  of 
h)ih.  matter  and  energy  in  the  urine.    Thus  if  it  could  be  clearly 


1  Die  Gesetze  des  Energieverbrauchs  bei  der  Emahrung,  p.  35. 
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established  that  there  was  a  constant  amount  of  energy,  carbon,  and 
organic  hydrogen  per  gram  of  nitrogen  in  urine,  the  determination  of 
these  elements  could  in  many  experiments  be  dispensed  with.  Accord- 
ingly the  data  of  the  experiments  here  reported  have  been  tabulated 
and  the  various  ratios  have  been  carefully  computed.  Table  64  shows 
the  average  percentage  composition  of  the  water-  and  ash-free  sub- 
stance of  urine  in  both  rest  and  work  experiments,  since  some  slight 
differences  have  been  noted  in  the  urine  resulting  from  these  two 
different  classes  of  experiments  in  former  reports. 


Table  64. — Average  percditage  composition  of  water-  and  ash-free  substance  of  urine  in 
■metaholiam  experiments  Nos.  56-58  and  60-67. 


Subject  and  character  of  e.^periniont. 

tion. 

In  water-  and  ash-free  substance. 

Nitrogen. 

Carbon. 

Hydrogen. 

Oxygen 
(by  dif- 
ference) . 

Rest  experiments. 
B.  F.  1).,  experiment  No.  00  

Average  of  5  experiments  here  reported  

Average  of  22  rest  experiments  previously 
reported  

Days. 
3 
3 
4 

Per  cent. 
30.53 
33.03 
36.68 

Per  cent. 
26.90 
29.  34 
24.  44 

Per  cent. 
6. 61 
6.84 
6.36 

Per  cent. 
35.96 
30.79 
32.52 

10 

33. 74 

26.65 

6.58 

33. 03 

67 

34.68 

24.28 

6.68 

34.36 

Average  of  all  (27)  rest  experiments  

Work  experiments. 

J.  C.  W.,  experiment  No.  57  

B.  F.  D.,  experiment  No.  (il  

A.  L.  L.,  experiment  No.  62  

A.  L.  L.,  e.xperiment  No.  64  

Average  of  G  experiments  here  reported  

Average  of  (25i  work  e.xperiments  previously 

77 

34.56 

24.59 

6. 67 

34. 19 

3 
3 
1 
3 
3 
1 

36. 72 
36.36 
34.70 
32. 95 
33.82 
32.78 

29. 75 
29.49 
27.09 
26.  77 
25.59 
24.  46 

7.51 
7.  76 
7.06 
6.31 
6.  76 
6.88 

26.02 
26.39 
31.15 
33. 97 
33.  83 
35.88 

14 

34.79 

27.  59 

7.07 

30.55 

78 

32.28 

23.76 

6. 61 

37.35 

Average  of  all  (31)  work  experiments  

Average  of  11  work  and  rest  experiments  here 
reported  

92 

32.66 

24.34 

6.68 

36.32 

24 

34.35 

27.20 

6.87 

31.58 

Average  of  47  rest  and  work  experiments 
previously  reported  

Average  of  all  (58)  rest  and  work  experiments . . 
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33.39 

24.00 

6. 64 

35.97 

169 

33.53 

24.46 

6. 67 

35.35 

The  variations  in  the  percentage  of  nitrogen  are  noticeable,  ranging 
from  30.53  in  the  case  of  experiment  No.  58  to  33.72  in  experiment 
No.  56.  The  average  of  the  five  rest  experiments  here  reported  is 
slightly  lower  than  that  of  twenty-two  rest  experiments  previously 
reported,  and  also  slightly  lower  than  the  average  of  six  work  experi- 
ments here  reported.  On  the  contrary  the  average  of  eleven  work 
and  rest  experiments  here  reported  is  considerably  above  that  of  the 
work  experiments  previously  reported,  and  about  1  per  cent  above 
that  of  the  work  and  rest  experiments  previously  reported. 

The  fluctuations  in  the  percentages  of  carbon  are  about  equally 
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great.  The  percentage  of  carbon  as  determined  in  these  experiments 
is  materially  higher  than  in  earlier  work,  due  in  all  probability  to 
improved  technique. 

The  variations  in  the  organic  hydrogen  show  a  noticeably  greater 
amount  of  hydrogen  in  the  urine  from  the  work  experiments  than 
from  those  in  the  rest  experiments  and  a  slightly  greater  average  in 
the  urines  from  all  the  experiments  here  reported  as  compared  with 
those  of  the  previous  experiments. 

The  oxygen  by  difference  is  added  to  this  table  principally  because 
it  is  used  in  subsequent  calculations.  Obviously,  since  it  is  affected 
by  the  algebraic  sum  of  the  errors  on  the  determinations  of  all  the 
other  elements,  no  great  significance  can  be  attached  to  the  variations 
in  percentages  occurring  in  the  different  experiments.  Since,  how- 
ever, the  experimental  technique  has  been  improved  on  all  the  deter- 
minations, it  is  reasonable  to  suppose  that  the  errors  in  the  estima- 
tions of  the  oxygen  by  difference  are  less  in  these  than  in  the  previously 
reported  experiments,  and  we  find  that  the  average  of  the  experiments 
here  reported  is  31.53  per  cent  of  oxygen  as  against  35.97  in  the 
forty-seven  previously  reported  experiments. 

Table  65  shows  the  relation  of  the  other  elements  to  nitrogen  and  of 
energy  to  organic  matter,  nitrogen,  and  carbon. 


Table  65. — Relation  of  other  elements  to  nitrogen  and  of  energy  to  organic  matter, 
nitrogen,  and  carbon,  in  urine,  in  metabolism  experiments  Nos.  56-58  and  60-67. 


Subject  and  ch£tracter  ot 
experiment. 

Dura- 
tion. 

Amounts  per  gram  of  nitrogen. 

Energy  per  gram  of — 

Car- 
bon. 

Hy- 
dro- 
gen. 

Oxy- 
gen by 
differ- 
ence. 

Organ- 
ic sub- 
stance. 

Organic 

sub- 
stance. 

Nitrogen. 

Carbon. 

Rest  experiments. 

H.  F.,  experiment  No.  58  

B.  F.  D.,  experiment  No.  60  

A.  L.  L.,  experiment  Nos.  65, 
66,  and  67  

Average  of  5  experiments 
here  reported  

Average  of  22  rest  experi- 
ments   previously  re- 
ported  

Average  of  all  (27)  rest 
experiments  

Work  experiments. 

J.  C.  W.,  experiment  No.  56  

J.  C.  W.,  experiment  No.  57  

B.  F.  D.,  experiment  No.  61  

A.  L.  L.,  experiment  No.  62  

A.  L.  L.,  experiment  No.  63  

A.  L.  L.,  experiment  No.  64  

Average  of  6  experiments 
here  reported  

Average  of  25  work  ex- 
periments previously 
reported  

Average  of  all  (31)  work 
experiments  

Days. 
3 
3 

4 

Gram. 
0.881 
.888 

.666 

Gram. 
0. 217 
.207 

.173 

Grams. 
1.178 
.932 

.887 

Grams. 
3. 276 
3.027 

2.726 

Calories. 
2. 729 
2. 725 

2. 679 

Calories. 
8. 937 
8.252 

7.303 

Calories. 
10. 143 
9.288 

10. 961 

10 

.797 

.196 

.988 

2. 981 

2. 708 

8.078 

10. 214 

67 

.701 

.193 

.994 

2.888 

2.761 

7. 974 

11. 375 

77 

.713 

.193 

.993 

2.899 

2.754 

7. 988 

11. 224 

3 
3 
1 
3 
3 
1 

.810 
.811 
.781 
.812 
.757 
.746 

.205 
.213 
.203 
.192 
.200 
.210 

.709 
.726 
.898 
1.031 
1.000 
1.095 

2. 724 
2.750 
2.882 
3. 035 
2. 957 
3.051 

■    3. 245 
3. 165 
2.910 
2.795 
2.  582 
2.676 

8. 835 
8.  705 
8.384 
8.483 
7. 635 
8. 163 

10. 907 
10. 731 
10.  739 
10.444 
10. 089 
10. 940 

14 

.793 

.203 

.885 

2.881 

2. 925 

8.394 

10.585 

78 

.738 

.205 

1. 171 

3.114 

2. 610 

8. 104 

10. 981 

92 

.746 

.205 

1.127 

3. 078 

2. 658 

8.148 

10. 921 
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Table  65. — Relation  of  other  elements  to  nitrogen  and  of  energy  to  organic  matter,  nitro- 
gen, awl  carbon,  in  urine,  in  metabolism  experiments  Nos.  56-58  and  60-67 — Cont'd. 


Subject  and  character  of 
experiment. 

Dura- 
tion. 

Amount  per  gram  of  nitrogen.  |       Energy  per  gram  of — 

Car- 
bon. 

Ily- 
dro- 
gen. 

Oxy- 
gen by 
differ- 
ence. 

Organ- 
ic sub- 
stance. 

Organic 

sub- 
stance. 

Nitrogen. 

Carbon. 

Work  experiments — Continued. 

.\veragp  of  11  work  and 
rest  e.xperiments  here 
reported  

Average  of  47  rest  and 
work  experiments  pre- 
viously reported  

Average  of  all  (58)  rest 
and  work  experiments.. 

Days. 
24 

Gram. 
0.  795 

Gram. 
0.200 

Grams. 
0.928 

Qrams. 
2.923 

Calories. 
2. 835 

Calories. 
8. 262 

Calories. 
10.  430 

145 

.721 

.200 

1.089 

3. 010 

2.680 

8. 005 

11.047 

169 

.731  1  .200 

1.066 

2.997 

2. 702 

8.093 

10. 959 

As  pointed  out  above,  these  ratios  are  of  especial  significance  in  the 
estimation  of  the  amount  of  carbon,  hydi-ogen,  and  energy  from  the 
quantity  of  nitrogen  or  carbon  in  the  urine  in  many  experiments  in 
which  complete  analyses  can  not  be  made.  As  regards  the  amount 
of  carbon  per  gram  of  nitrogen,  in  the  majority  of  expermients  the 
variations  were  not  very  great,  the  lowest  being  that  of  experiments 
Nos.  65,  66,  and  67,  in  which  there  was  0.666  gram  of  carbon  per  gram 
of  nitrogen,  and  the  highest  being  that  of  experiment  No.  60,  in  which 
there  was  0.883  gram.  The  average  of  the  five  rest  experiments  here 
reported  was  0.797,  against  0.701  for  twenty-two  rest  experiments 
previously  reported.  The  average  of  the  five  rest  experiments  is 
practially  the  same  as  that  of  the  six  work  experiments,  thus  showing 
no  difference  between  the  rest  and  work  experiments  so  far  as  the 
ratio  of  carbon  to  nitrogen  is  concerned.  It  would  thus  appear  that 
for  every  gram  of  nitrogen  in  the  urine  there  is  about  three-fourths  of 
a  gram  of  carbon.  The  ratio  of  the  organic  hydrogen  is  very  constant. 
Excepting  the  experiments  Nos.  65,  66,  and  67,  the  results  are  all 
very  close  to  0.20,  averaging  for  the  five  rest  experiments  here 
reported  0.196,  and  for  the  six  work  experiments  0.203;  consequently 
it  is  fau-  to  assume  that  for  every  gram  of  nitrogen  there  will  be  one- 
fifth  of  a  gram  of  organic  hydrogen.  The  same  conditions  that  affect 
the  determination  of  the  oxygen  by  difference  mentioned  above, 
simultaneously  affect  the  ratio  of  oxygen  and  nitrogen,  hence  little 
stress  can  be  laid  upon  this  ratio.  With  the  organic  substance,  on  the 
other  hand,  the  ratio  seems  quite  constant,  there  being  about  3  grams 
of  organic  substance  to  each  gram  of  nitrogen  in  the  rest  experiments, 
as  against  2.881  grams  in  the  work  experiments.  An  average  of  all  the 
experiments  shows  that  in  general  each  gram  of  nitrogen  corresponds 
to  3  grams  of  organic  substance. 

With  regard  to  the  ratio  between  the  energy  and  the  amount  of 
organic  substance,  nitrogen,  and  carbon,  the  ratios  are  again  quite 
satisfactorily  established,  showing  that  for  every  gram  of  organic 
21482— No.  175—07  10 
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substance  there  are  about  2.7  calories  of  energy.  With  the  ratio 
between  the  organic  substance  and  amount  of  nitrogen  quite  fixed 
and  that  between  the  organic  substance  and  the  energy  fau-ly  con- 
stant, it  follows  that  the  ratio  between  the  nitrogen  and  the  energy 
is  a  reasonably  constant  one,  and  it  may  be  said  that  for  every  gram 
of  nitrogen  in  the  urine  there  are  about  8  calories  of  energy.  It  must 
not  be  forgotten,  however,  that  in  certain  experiments,  especially 
Nos.  65  to  67,  with  A.  L.  L.,  the  ratio  was  much  lower,  approxi- 
mately 7.3  calories  per  gram  of  nitrogen. 

In  the  experiments  previously  reported  the  amount  of  energy  per 
gram  of  carbon  was  found  to  be  very  constant — i.  e.,  about  11  calories 
per  gram.  In  the  experiments  here  reported  there  were  variations 
from  9.288  calories  in  experiment  No.  60  to  10.961  calories  in  experi- 
ments Nos.  65  to  67;  but  the  maximum  in  the  experiments  here 
reported  does  not  reach  the  average  of  the  previously  reported  exper- 
iments, these  showing  a  much  lower  average  heat  of  combustion  and 
energy  per  gram  of  carbon  than  in  the  earlier  work  experiments.  In 
fact,  the  average  of  the  eleven  work  and  rest  experiments  here  reported, 
covering  twenty-four  days,  is  10.43  calories  per  gram  of  carbon,  a 
material  diminution  from  the  average  of  the  forty-seven  rest  and  work 
experiments  previously  reported,  covering  one  hundred  and  forty-live 
days,  which  give  11 .047  calories  of  energy  per  gram  of  carbon.  This 
only  serves  to  show  that  while  the  ratios  between  the  elements  and 
nitrogen  and  between  the  energy  andthe  organic  substance  or  nitrogen 
or  carbon  are  f  ahly  constant,  they  can  not  be  relied  upon  for  accurate 
computations,  and  can  in  nowise  take  the  place  of  actual  determina- 
tions in  metabolism  experiments  where  great  accuracy  is  desired. 
NITROGEN  IN  PERSPIRATION. 

While  it  is  commonly  assumed  that  no  nitrogen  is  eliminated  from 
the  body  other  than  through  the  urine  and  feces,  a  considerable 
amount  of  experimental  evidence  has  accumulated  to  show  that 
there  may  be  appreciable  quantities  of  nitrogenous  material  excreted 
through  the  skin  in  the  perspiration.  Most  of  the  earlier  researches 
upon  tliis  point  showed  that  the  quantities  thus  eliminated  were 
very  small,  in  fact  entirely  negligible  in  ordinary  nitrogen  metab- 
olism experiments.  Where  the  perspiration  is  not  excessive,  as 
in  rest  experiments,  the  amount  is,  by  actual  experiment,  found 
to  be  slight.  On  the  contrary,  when  profuse  perspiration  is  induced, 
either  by  muscular  work,  by  excessive  _temperature,  or  by  drugs, 
there  is  a  relatively  large  amount  of  nitrogen  excreted  tln:ough  this 
channel.  A  discussion  of  this  point  has  recently  been  presented  by 
one  of  US'*  in  which  considerable  evidence,  obtained  by  experiments 
with  a  professional  bicycler  since  the  investigations  here  reported 
were  made,  is  given  to  show  that  during  muscular  work  the  amount 
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of  nitrogenous  material  eliminated  through  the  skin  may  be  sufficient 
to  yield  as  liigh  as  0.22  gram  of  nitrogen  per  hour. 

During  the  experiments  the  subject  dresses  only  in  underclothing 
and  stockings  which  have  previously  been  freed  of  soluble  nitrogenous 
material  by  repeated  rinsing  in  distilled  water.  Before  the  expeii- 
ment  begins  the  body  of  the  subject  is  thoroughly  washed  and  finally 
rinsed  with  distilled  water.  The  underclothing  and  stockings  are 
then  put  on,  and  at  the  end  of  the  experiment  the  body  is  again 
thoroughly  washed  and  rinsed  in  distilled  water.  The  clothes  are 
extracted  in  eight  successive  changes  of  water.  The  extract  water 
from  the  clothes  and  the  water  in  which  the  body  is  washed  at  the 
end  of  the  experiment  are  then  acidified,  evaporated  to  small  bulk, 
and  ali([uot  portions  subjected  to  the  usual  Kjeldahl  process  for  the 
determination  of  nitrogen.  In  a  number  of  work  experiments  re- 
l)orted  in  an  earlier  publication,"  the  average  amount  of  nitrogen 
eliminated  per  day  in  perspiration  was  about  0.29  gram,  although 
there  were  fluctuations  from  0.20  to  0.66  gram.  In  the  experiment 
with  the  professional  bicycler  referred  to  above,  excessive  work  was 
performed  for  periods  of  four  hours,  and  the  total  excretion  of  nitrogen 
for  the  four-hour  period  was  found  to  be  0.87  gram. 

In  the  work  experiments  reported  in  this  bulletin,  the .  nitrogen 
eliminated  in  the  perspiration  was  determined,  but  unfortunately  the 
analytical  data  for  experiments  Nos.  62,  63,  and  64  are  lacking  because 
an  accident  to  the  distillation  flask  resulted  in  a  loss  of  material. 
The  results  from  experiments  Nos.  56,  57,  and  61  are  given  in  Table  66. 

Table  66. — Nitrogen  eliminated  in  perspiration  in  work  experiments. 


Dura- 
tion. 


Experiment  No.  56  

Experiment  No.  57  

Experiment  No.  61  

Total  of  3  experiments  here  reported  

Total  of  25  work  expi^rimen^s  previously  reported 

Total  of  28  work  experiments  


Days. 


95i 


Total 
nitrogen. 


Grams. 
1.9500 
1. 9200 
.7883 


4. 6583 


25. 6500 


30. 3083 


Average 
per  day. 


Gram. 
0. 6500 
.  6400 


.6655 


.2900 


.3169 


In  these  experiments  the  amount  of  nitrogen  eliminated  through 
this  channel  averagetl  per  day  0.6655  gram,  with  a  minimum  of  0.6340 
and  a  maximum  of  0.7883  gram.  This  average  is,  as  a  matter  of  fact, 
liigher  than  any  individual  determinations  in  previously  reported 
experiments,  where  the  maximum  amount  per  day  was  0.66  gram. 
The  amount  of  muscular  work  performed  in  experiments  Nos.  56,  57, 
and  61,  was,  however,  considerably  greater  than  that  performed  in 
many  of  the  earlier  work  experiments,  and  the  increased  amount  of 
nitrogen  determined  in  the  perspiration  is  probably  due  to  this  and  to 
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the  fact  that  greater  care  was  exercised  in  washing  the  body  before 
and  after  the  experiment,  and  in  extracting  the  underclothing. 

It  is  thus  apparent,  from  the  results  of  these  and  earlier  experi- 
ments, that  during  muscular  work  considerable  quantities  of  nitrogen 
may  be  excreted  through  the  skin.  This  should  not  be  neglected  in 
accurate  experiments  on  the  metabolism  of  protein.  The  error  result- 
ing from  the  neglect  of  nitrogen  excretion  becomes  still  more  notice- 
able when  the  quantities  of  nitrogen  in  the  food  and  urine  and  feces 
are  smaller  than  normal.  It  is  further  to  be  noted  that  the  results 
here  presented  represent  minimum  rather  than  maximum  figures  for 
the  conditions  of  muscular  activity  of  these  experiments,  since  there  is 
in  all  probability  a  constant  loss  of  nitrogen  from  the  decomposition  of 
ammonia-containing  compounds  on  the  skin. 

ERROR  INVOLVED  IN  NEGLECTING  THE  NITROGEN   IN  PERSPIRATION. 

As  stated  above,  the  amount  of  nitrogen  eliminated  in  perspiration 
in  experiments  Nos.  62-64  was  not  determined.  Since  it  is  the  pur- 
pose in  these  reports  to  publish  results  based  in  so  far  as  possible  upon 
observation  rather  than  upon  estimation,  the  gain  or  loss  of  body 
material  and  energy  given  in  the  discussion  of  experiments  Nos.  62-64 
on  preceding  pages  was  that  computed  with  no  allowance  for  the 
cutaneous  excretion  of  nitrogen.  In  order  to  show  the  probable  error 
in  neglecting  the  nitrogen  eliminated  in  this  way,  the  average  gain  or 
loss  of  body  material  on  the  second  day  of  experiment  No.  63,  as 
thus  computed,  is  compared  in  the  following  table  with  the  similar 
data  calculated  with  an  allowance  for  nitrogen  in  perspiration. 

From  data  obtained  in  earlier  experiments,  it  seems  fair  to  assume 
that  the  subject  eliminated  0.64  gram  of  nitrogen  per  day  through  the 
skin.  This  is  based  upon  actual  determination  with  the  subject 
J.  C.  W.  This  subject  is  somewhat  larger  than  A.  L.  L.,  and  both  the 
total  energy  of  material  oxidized  in  the  body  and  the  heat  equivalent 
of  the  external  muscular  work  were  somewhat  greater  in  experiments 
with  the  former  than  in  those  with  the  latter,  consequently  it  may  be 
thought  that  the  value  is  somewhat  larger  than  would  normally  be 
expected  from  a  smaller  subject,  performing  less  work.  On  the  other 
hand,  since  the  method  of  determining  the  cutaneous  excretion  of 
nitrogen  gives  results  that  probably  represent  the  minimum  rather  than 
the  maximum  figure,  it  seems  reasonable  to  use,  in  the  calculations  m 
which  the  nitrogen  of  perspiration  is  taken  into  account,  a  value  which 
perhaps  more  nearly  agrees  with  the  true  excretion. 


Table  67. — Gain  or  loss  of  protein,  fat,  carbohydrates,  and  water  as  calculated  v  ilhout 
and  u'ith  allowance  for  nitrogen  of  -perspiration,  metabolism  experiment  No.  second 
day. 


Method  of  calculation. 

Nitro- 
gen. 

Carbon. 

Hydro- 
gen. 

Oxygen. 

Protein. 

Fat_ 

Car- 
bohy- 
drates. 

Water. 

Without  allowance  for  ni- 
trogen of  perspiration  

With  allowance  for  nitro- 
gen of  perspiration  

Grams. 
-a  27 

-3.91 

Orams. 
-43.  62 

-43.  62 

Grams. 
-Ti.  19 

-77. 12 

Grams. 
-554.  42 

-55a  8.5 

Grams. 
-19.62 

-2a  46 

Grams. 
-63.  as 

-61.  81 

Grams. 
+3a  57 

+  35.4.5 

Grams. 
-629.  37 

-629. 04 

149 


The  most  important  effect  is  that  upon  the  protein  loss,  which  is 
nearly  4  grams  larger  when  the  nitrogen  of  perspiration  is  taken  into 
account.  wSince  the  quantity  of  nitrogen  enters  into  account  in  each 
of  the  formula  by  which  the  body  compounds  are  computed  (see 
p.  72)  and  only  the  (juantity  of  nitrogen  is  changed,  those  of  the  other 
three  elements  remaining  the  same,  the  computed  gains  or  losses  of 
the  other  compounds  are  of  course  also  affected.  The  difference  in 
the  results  for  water  are  negligible,  but  the  loss  of  fat  was  apparently 
about  2  grams  less  and  the  gain  of  carbohydrates  about  2  grams  more 
when  the  correction  for  nitrogen  only  is  made.  The  latter  changes, 
however,  are  perhaps  not  exact.  The  nitrogen  was  not  eliminated 
as  such,  but  in  some  compound,  possibly  resembling  urea,  comprising 
also  carbon,  hydrogen,  and  oxygen.  The  quantities  of  these  ele- 
ments used  in  the  above-mentioned  formulae  shoidd  also  be  corrected 
for  those  in  the  perspiration,  and  this  would  probably  affect  the  gain 
or  loss  of  fat  and  carbohydrates.  But  the  exact  nature  of  the  nitro- 
gen com])ound  of  the  perspiration  is  not  known,  and  the  estimation  of 
its  content  of  these  elements  would  be  a  pure  speculation ;  hence  they 
are  neglected.  The  error  involved  in  this,  however,  is  probably  of 
much  less  importance  than  that  in  disregarding  the  nitrogen. 

The  effect  of  this  correction  on  the  gain  or  loss  of  energy  is  nothing, 
according  to  the  above  calculation,  with  no  allowance  for  the  other 
elements  accompanying  the  nitrogen.  Thus  the  extra  loss  of  protein 
involves  -a  loss  of  22  calories  more  than  was  computed  without  the 
allowance  for  nitrogen  of  perspiration;  but  with  the  change  in  the 
gain  or  loss  of  fat  and  carbohydrates  there  was  appparently  15  calories 
less  lost  in  fat  and  8  calories  more  gained  in  glycogen,  making  a  total 
of  2.3  calories  to  balance  the  increase  of  22  calories  in  the  protein  lost. 
This  balance,  however,  would  be  affected  by  the  probable  changes  in 
the  gain  or  loss  of  fat  and  glycogen  if  allowance  could  be  made  for 
the  quantities  of  the  other  elements  besides  nitrogen  lost  in  the 
perspiration. 

SUMMARY  OF  DATA  OF  INCOME  AND  OUTGO. 

The  average  daily  income  and  outgo  of  nitrogen  and  carbon  in  the 
separate  experiments  is  shown  in  Table  68.  The  income  of  nitrogen, 
for  example,  is  that  in  the  food  and  the  outgo  that  in  the  feces  and 
urine;  in  the  case  of  carbon  the  balance  is  between  the  amount 
received  in  the  food  and  the  sum  of  the  quantities  in  the  excreta  and 
respiratoiy  products.  Corresponding  data  for  hydrogen  and  oxygen 
are  given  in  Table  69.  In  Table  70  the  amounts  of  body  material 
gained  or  lost  and  the  balance  of  income  and  outgo  of  energy  are 
included. 
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Grams. 
+  14.88 
+  .54.00 
-1-  95.29 

+ 

+  310.63 
+  161.26 
-481.19 
+  118. 16 
-814.58 

-  88.82 

I- 

i 

+ 

-  61.70 

Grams. 
1,117.04 

1,306.42 

4,540.17 

4,714.  43 

In  urine. 

Grams. 
350. 35 
990. 53 
968. 68 

i 

978.41 
758.  97 
763. 44 
492. 98 
1,329.05 

i 

972.36 

In  feces. 

Grams. 
34. 21 
93.33 
58. 77 

61.77 

176. 52 
277.98 

88. 72 
146. 61 

91.78 

1 

s 

161.37 

Grams. 
555. 54 
628. 80 
756. 27 

SS 

i 

mm 
^^^^^ 

i 

2, 105. 65 

8 

i 

In  food 
and 

Grams. 

960. 94 
1,795.79 
1,829.69 

1,558.90 

s 
s 

6,228.99 

4, 176.92 

Hydrogen.  | 

(0) 

Gain  {+) 
or 

loss  (  — ), 
m+n). 

+ 

+  38.  .56 
+  18.06 
—  60. 14 
+  12.11 
-107. 92 

£ 

1 

s 

-1- 

-  11.01 

In  water 
appar- 
ently 
lost. 

92.43 

mm 

.  411.31 

664. 65 

429. 41 

(m) 
In  urine. 

Grams. 
44.72 
126. 21 
123. 31 

s 

§ 

12.5.  OS 
97.  42 
97.68 
63!  07 

168. 78 

112.36 

s 

113. 17 

(I) 
In  feces. 

Grams. 
4.75 
12.  64 
8.06 

8.44 

25.  48 
36.88 
12.  53 
19!  72 
13.57 

23.04 

13.57 

?!• 

In  food 

and 
drink. 

Grams. 
125.73 
236. 53 
235.06 

202. 70 

s 

S 

s 

i 

553. 93 

Du- 
ra- 
tion. 

s 
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This  abstract  of  all  the  data  will  serve  to  give  a  general  impression 
of  the  factors  involved  in  these  experiments.    The  results  show,  m 
brief  that  in  most  cases  the  nitrogen  in  the  food  eaten  nearly  snfliced 
for  maintaining  body  equilibrium,  but  in  some  there  was  a  decided 
loss  of  nitrogen,  and  in  one  an  appreciable  gain.    The  amount  of  car- 
bon utilized  was  proportional  to  the  muscular  activity  uf  the  subject. 
The  data  for  hydrogen  as  here  summarized  are  not  of  special  signifi- 
cance, as  thev^  include  the  hydrogen  of  preformed  water  as  well  as 
orcranic  hydrogen.    In  general  the  output  of  hydrogen  is  parallel  to 
that  of  carbon.    If  the  oxygen  eliminated  in  food  and  drink  is  disre- 
c^arded  and  only  the  values  in  column  3  considered,  the  amount  of 
oxy<-en  consumed  is  proportional  to  the  amount  of  muscular  work 
performed.    The  gains  or  losses  of  body  material  depend  upon  so 
many  conditions,  such  as  food  and  muscular  work,  that  comparison 
of  the  figures  merely  as  given  in  the  table  would  have  but  little  sig- 
nificance"^   With  regard  to  the  energy  the  comparison  of  the  material 
actually  oxidized  in  the  body  and  that  of  outgo  is  of  especial  interest, 
the  percentage  error  being  given  in  the  last  table.    A  more  complete 
discussion  of  the  factors  here  briefly  mentioned  appears  m  the  sections 
that  follow. 

METABOLISM  OF  NITROGEN  AND  PROTEIN. 

Table  71  gives  the  quantity  of  nitrogen  in  the  food,  in  the  feces, 
and  in  the  urine,  the  gain  or  loss  to  the  body,  and  for  purposes  of 
comparison  the  protein  katabolized  per  person  and  per  kilo  of  body 
weight. 

Table  71  -Metabolism  of  nitroqen  and  protein,  metabolism  experiments  Nos.  56-58  and 

60-67. 


Subject  and  kind  of  experiment. 


Rest  experiments. 

Average  of  22  experiments  previ- 

viously  reported  

H.  F.,  carbohydrate  diet  

B.  F.  D.,  carlxihydnito  diet  

A.  L.  L.,  ciirlKitivdratc  <li('t  

A.  L.  L.,  carbohydnite  diet  ^  

A.  L.  L.,  carliohydrate  diet  b  


Average  of  27  rest  experi- 
ments  


Ex- 
peri- 
ment 
No. 


Du- 
ra- 
tion. 


Body 
weight. 


Days. 
67 
3 
3 
1 
1 
2 


77 


Kgms. 


71.6 
66.7 
72.5 
73.0 
72.7 


Average  daily  ni- 
trogen balance. 


In 
food. 


Gms. 
17.40 
6. 1')6 
16.  79 
15.  40 
14.  11 
11.02 


In  In 
feces,  urine.o 


Gms. 

1.10 
.40 

1. 72 
.85 
.85 
.85 


16. 72 


Gms. 
16.80 
8.  47 
15.71 
24.02 
22.  31 
17.  44 


Gain 
(+)  or 
loss 
(-)• 


16. 61  - 


Grams. 
-0..50 
-2.21 
-  .64 
-9.  47 
-9.05 
-7.27 


Protein  kata- 
bolized per  day. 


Per 
person. 


Per 
kilo- 
gram 
of 

body 
weight. 


Grams. 
105. 00 
52. 93 
98. 19 
150. 13 
139.  44 
109.00 


Grams. 
1..54 
.74 
1.47 
2.07 
1.91 
1.50 


103. 81 


1.52 


a  Includes  outgo  in  perspiration  when  determined. 
6  Light  exercise  experiments. 
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Table  U.- Metabolism  of  nitrogen  and  protein,  metabolism  experiments  Nos  56-58 

and  60-67 — Continued. 


Subject  and  kind  of  experiment. 


Work  experiments. 

Average  of  23  work  experiments 

previously  reported  

J.  C.  W.,  fat  diet  \  \  \ 

J.  C.  W.,  carbohydrate  diet.. 

B.  F.  D.,  carbohydrate  diet  

A.  L.  L.,  carbohydrate  diet 

A.  L.  L.,  fat  diet"  


Ex- 
peri- 
ment 

No. 


Du- 
ra- 
tion. 


Average,  28  work  ex-periments'. 

Severe  work  experiments.  r 

1  experiment  previously  reported 
A.  L.  L.,  fat  diet  '.  


64 


Days 
76 
3 
3 
1 
3 
3 


Body 
weight. 


Average  daily  ni- 
trogen balance. 


In 
food. 


89 


Average  of  2  experiments,  se-  i 
vere  work  


Average  of  57  work  and  rest 
experiments  


Kgms. 


75.9 
76.6 
67.0 
75.  4 
73.4 


72.2 


2   18.76 


Gms. 
17. 30 
18.69 
18. 03 
16.52 
16.88 
16. 83 


17.33 


18.40 
19.11 


In 
feces. 


In 
urine.a 


Gms. 
1.70 
1.80 
2. 91 
1.64 
2.  31 
1.01 


Gain 
(+)  or 
]os& 

(-)• 


Gms. 
17. 20 
16. 31 
15.31 
17. 25 
15.  44 
17. 81 


1.74  I  17.07 


17. 07 


1.70  i  18.30 
1.01  1  15.68 


Grams 
-1.60 
-I-  .58 

-  .19 
-2. 37 

-  .87 
-1.99 


Protein  kata- 
bolized  per  day. 


Per 
person 


Grams. 
107. 50 
101. 94 

95.69 
107. 81 

96.  50 
111.31 


Per 
kilo- 
gram 

of 
body 
weight. 


Grams 
1. 


1.34 
1.25 
1.60 
1.28 
1.52 


-1. 48 


-1. 60 
+2.42 


1. 36  !  16. 99    -t-  .  41 


1. 43  16, 


106.68 


1.47 


114.  40  1. 51 
98. 00        1. 36 


106. 20        1.  44 


1.22  105.36 


1.49 


a  Includes  outgo  in  perspiration  when  determined. 

While  in  general  we  may  say  that  persons  of  large  body  weic^ht 
consume  more  nitrogen  than  those  of  small  body  weight,  this  observa- 
tion IS  of  no  special  significance  here,  since  the  diet  given  to  the  sub- 
jects was  in  all  cases  but  one  prescribed  for  the  individual.  In  experi- 
ment No.  58,  with  H.  F.,  the  subject  had,  according  to  his  omu  state- 
ments, been  accustomed  for  many  years  to  livmg  on  an  excessively 
low  protein  diet,  and  consequently,  in  this  experiment,  the  food  con- 
tamed,  in  compliance  with  his  request  for  a  small  diet,  but  6.66  grams 
of  nitrogen.  Li  the  other  experiments  the  quantity  of  nitrogen  aver- 
aged not  far  from  16  grams,  being  somewhat  smaller  in  the  rest  than 
in  the  work  experiments,  but,  as  pointed  out  above,  it  was  arbitrarily 
established.  The  amounts  of  nitrogen  in  the  feces  varied  from  0.4  to 
2.91  grams,  and  the  amount  in  the  urine  from  8.47  to  24.02  grams, 
both  minima  appearing  in  the  urine  and  feces  of  the  subject  of  experi- 
ment Xo.  58,  in  which  the  quantity  of  nitrogen  in  the  food  was  lowest. 

In  all  experiments  save  two,  Nos.  56  and  64,  the  subjects  lost  nitro- 
gen, the  greatest  loss  appearing  in  Nos.  65,  66,  and  67,  which  followed 
the  excessive  work  period  of  No.  64,  in  which  there  was  a  storage  of 
nitrogen.  It  would  thus  appear  that  the  quantities  of  nitrogen°fur- 
nished  these  individuals  were  not  sufficient  to  maintain  the  body  in 
nitrogen  equilibrium,  though,  as  a  matter  of  fact,  one  of  the  other 
factors  which  influence  in  a  marked  degree  the  elimination  of  nitrogen, 
namely,  the  quantity  of  energy  in  the  diet,  was  also  deficient,  so  that 
body  material  was  drawn  upon  in  nearly  every  case.  Consequently, 
although  it  is  clearjy  sho\\m  that  these  subjects  on  the  whole  lost 
nitrogenous  material,  the  evidence  can  not  be  taken  as  showing  that 
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the  quantity  of  nitrogen  would  or  would  not  have  been  insufficient, 
provided  the  quantity  of  energy  in  the  diet  had  been  large  enough  to 
meet  the  demands  of  the  body  for  energy.  The  gain  of  nitrogen  in 
experiment  No.  64  and  the  marked  loss  in  experiments  Nos.  65,  66, 
and  67  are  considered  below. 

The  evidence  is  now  rapidly  accumulating  regarding  nitrogen  me- 
tabolism, but  available  data  do  not  enable  us  to  state  defmitely  that 
the  quantities  of  nitrogen  here  consumed  by  these  subjects  were  too 
small  or  too  large  for  their  actual  needs.  They  were,  as  a  matter  of 
fact,  in  all  cases  save  experiment  No.  58,  not  far  from  the  amounts 
commonly  found  to  be  consumed  by  individuals  under  similar  condi- 
tions of  muscular  activity.  Unfortunately  for  the  purposes  of  discus- 
sion of  the  nitrogen  balance,  the  energy  of  the  diet  was,  as  stated 
above,  iri  most  cases  insufficient,  and  body  material  had  to  be  drawn 
■  upon.  It  is  a  well-known  fact  that  when  body  mateHal  is  used,  there 
is  »a  greater  consumption  of  protein  than  otherwise,  and  consequently 
the  lioss  of  body  material  found  in  these  experiments  does  not  indicate 
necesstarily  that  the  quantity  of  protein  was  too  small  with  a  normal 
maintei.\ance  amount  of  energ>\  The  figures  in  the  table  are  mainly 
of  interest  for  purposes  of  comparison  with  earlier  work,  and  for  show- 
ing that  tche  subjects  were  receiving  the  customary  amounts  of  nitro- 
gen per  Kilogram  of  body  weight. 

With  regard  to  the  protein  katabolized  per  kilogram  of  body  weight, 
it  can  1  ie  stated  that  it  has  long  been  known  that  the  body  can  sustain 
itself  Ifor  a  considerable  period  of  time  with  much  smaller  quantities  of 
proticin  than  are  commonly  consumed  by  men,  and  the  amount  of 
pjrotein  katabolized  per  kilogram  of  body  weight  is,  in  large  measure, 
udependent  upon  the  quantity  of  protein  ingested;  with  a  large  inges- 
lition'of  protein  there  is  a  large  protein  katabolism,  and  with  small  pro- 
tein ingestion  there  is  a  greatly  diminished  protein  katabolism.  The 
( amounts  katabolized  in  these  experiments  are  those  commonly  kata- 
boHzed  by  subjects  under  like  conditions  of  muscular  activity  and  diet. 

The  data  in  the  table,  then,  throw  no  specific  light  upon  the  absolute 
protein  requirement,  and,  indeed,  these  experiments  were  not  designed 
in  any  way  to  study  this  most  important  problem.  Suffice  to  say  that 
there  is  no  evidence  in  the  figures  here  presented  that  the  amount  of 
protein  in  the  diet  was  too  large  for  the  conditions  under  which  the 
subjects  lived,  and,  as  pointed  out  above,  it  is  certainly  unreasonable 
to  assume  that  because  there  was  a  loss  of  body  nitrogen,  the  fiuantity 
of  protein  was  too  small,  since  with  the  energy  deficient,  drafts  upon 
body  protein  would  normally  be  expected. 

ERRONEOUS  ASSUMPTION  AS  TO  THE  EXCRETION  OF  NITROGEN. 

.     It'is  commonly  assumed  that  the  excretion  of  nitrogen  through  the 
urine  is  a  measure  of  the  protein  katabolized  in  the  period  during 


156 


which  the  urine  is  collected.    Thus,  an  excretion  of  a  certain  amount 
of  nitrogen  in  a  24-hour  period  from  7  a.  m.  to  7  a.  m.  is  assumed  to 
indicate  that  during  this  time  there  was  a  katabolism  of  a  correspond- 
ing amount  of  protein.    This  assumption  is  open  to  serious  error. 
In  the  first  place,  it  is  not  true  that  all  the  nitrogen  of  food,  or  indeed 
of  body  material,  is  in  the  form  of  protein;  yet  by  assuming  that  the 
excretion  of  nitrogen  corresponds  to  the  katabolism  of  protein,  no 
allowance  is  made  for  the  possible  excretion  of  nitrogen  in  the  form  of 
creatinin,  uric  acid,  hippuric  acid,  and  other  nitrogenous  bodies,  the 
store  of  which  may  be  considerably  altered  in  the  body  as  a  result  of 
muscular  activity,  larger  quantities  of  water,  or  other  factors  as  yet  • 
but  little  imderstood.    Obviously,  then,  the  deduction  that  any  gain  • 
of  nitrogen  b}^  the  body  is  in  the  form  of  body  protein,  and  moreover 
that  the  quantity  of  nitrogen  multiplied  by  the  factor  6.0,  or  indeed 
any  other  constant  factor,  represents  the  total  amount  of  proteip; 
gained,  is  not  necessarily  final.    Any  error  in  the  assumption  affe^cts 
also  the  calculations  of  the  gain  or  loss  of  fat  and  carbohj'drates  bjy  the 
body,  although  this  is  much  more  noticeable  in  the  case  of  t\xe  older 
methods  of  computation  than  in  the  new  method. 

Furthermore,  it  is  conceivable  that  there  may  be  a  deldy  in  the 
excretion  of  nitrogen  after  the  katabolism  of  protein,  s  obsother 
words,  there  may  be  a  marked  fluctuation  in  the  storage  of  t*  the  rav- 
age products  of  protein  in  the  body.  This  is  suggested  by  tho  exncies 
given  in  Table  71.  There  was  a  noticeable  increase  in  the  nn  statin 
elimination  in  experiments  Nos.  65  and  66,  which  were  rest  e.^sively 
ments  following  a  day  of  severe  muscular  work.  No.  64,  on  which  tinon- 
was  apparently  a  gain  of  nitrogen.  It  is  conceivable  that  on  this  day^ 
of  severe  muscular  work  there  was  a  larger  disintegration  of  protein- 
material  than  is  estimated,  the  disintegration  products,  however,  noti 
appearing  in  the  urine  until  a  day  or  two  later.  It  is  thus  possible' 
that  instead  of  a  gain  of  protein  to  the  body  on  this  particular  day> 
there  was  an  actual  katabolism  of  protein  in  the  body  so  much  greater 
than  that  estimated  that  there  was  a  real  loss  of  protein. 

Until  we  know  more  definitely  the  nature  of  the  decompositions 
of  proteid  material  in  the  body  and  their  time  relations  and  rate  of 
excretion,  however,  our  only  alternative  seems  to  be  to  assume  that 
the  proteid  disintegration  corresponds  to  the  nitrogen  elimination  in 
.the  urine  during  the  given  period.  This  is  the  common  custom  among 
physiologists,  and  in  lieu  of  better  methods,  it  is  still  adhered  to  in 
this  laboratory. 

ELIMINATION  OF  CARBON  DIOXID. 

Previous  experimenting  has  shown  that  the  elimination  of  carbon 
dioxid  is  in  large  measure,  if  not  wholl}^,  dependent  upon  muscular^ 
activity,  although  marked  variations  are  noticeable  with  alterations 
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in  the  character  of  the  diet.  It  is  of  especial  interest  in  discussing  this 
problem  to  note  that  the  measure  of  carbon  dioxid  as  here  given 
represents  not  only  that  eliminated  through  the  lungs,  but  also  the 
carbon  dioxid  of  cutaneous  respiration.  In  all  forms  of  apparatus 
which  rely  upon  breathing  through  tubes  in  the  mouth  or  nose  or 
masks,  obviously  the  cutaneous  respiration  is  eliminated,  but  aside 
from  this,  which  is  inconsequential,  the  amount  of  carbon  dioxid 
measured  in  the  respiration  apparatus  is  the  total  quantity  elinunated 
from  the  body.  At  present  our  methods  of  experimenting  are  not 
sufficiently  refined  to  warrant  any  estimation  of  the  small  quantity 
of  carbon  dioxid  dissolved  in  the  urine. 

In  order  to  compare  the  periodic  excretion  of  carbon  dioxid  with 
the  output  of  water  vapor  and  heat  and  intake  of  oxygen,  the  experi- 
ments were  so  adjusted  that  the  total  quantity  of  carbon  dioxid 
eliminated  could  be  determined  in  periods  three  or  six  hours  in 
length.  It  seems  clearly  established  that  the  amoimt  of  carbon 
dioxid  eliminated  per  period  represents  very  closely  that  actually  pro- 
duced during  that  time,  there  being  no  appreciable  retention  of  carbon 
dioxid.  It  was  formerly  considered  that  there  might  be  a  delay  in 
the  elimination  from  the  body  of  the  increased  carbon  dioxid  resulting 
from  muscular  work,  but  the  interesting  experiments  of  Higley  and 
Bowen,"  with  the  ingenious  device  designated  by  them  as  the  "Chemo- 
graph,"  showed  conclusively  that  the  increase  in  the  production  of 
carbon  dioxid  due  to  muscular  exertion  appeared  within  a  very  few 
seconds  after  the  beginning  of  the  work.  Information  regarding  this 
point  had  also  been  obtained  in  former  experiments  with  the  respira- 
tion calorimeter,  and  it  was  pointed  out  in  a  previous  report  that  the 
data  seemed  to  warrant  the  deduction  that  elimination  of  carbon 
dioxid  follows  almost  immediately  upon  production. 

The  closeness  with  which  the  amount  of  carbon  dioxid  measured 
during  any  given  period  agrees  with  that  produced  and  eliminated 
depends  upon  the  extent  to  which  the  gas  is  retained  in  the  chamber. 
The  indications  are  that  there  is  little  if  any  retention,  as  explained 
below  in  the  discussion  of  Table  72,  showing  the  elimination  of  carbon 
dioxid  for  three,  six,  and  twenty-four  hour  periods  in  all  the  experi- 
ments here  reported  except  No.  58,  in  which  the  data  were  obtained 
only  in  six-hour  periods. 


aAmer.  Jour.  Physiol.,  12  (,1904),  p.  311. 
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Table  72. — Carbon  dioxid  eliminated  during  3-hour  periods,  melaholism  experiments 

Nos.  56-58  and  60-67. 


Period. 

Rest  experiments. 

Experiment  No.  58,a 
with  H.  F., carbohy- 
drate diet. 

Experiment    No.  60, 
with  B.F.D., carbo- 
hydrate diet. 

Experiments  Nos.  65- 
67,  with  A.  L.  L.,  car- 
bohydrate diet. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Mini- 
mum. 

mum. 

age. 

7  a.  m.  to  10  a.  m  

Grams. 

Grams. 

Grams. 

Grams. 
118.50 
97.48 

Grams. 
126. 78 
116. 24 

Grams. 
123.  40 
105.  47 

Grams. 
113.09 
86. 01 

Grams. 
155.  79 
138. 34 

Grams. 
137. 32 
120. 08 

10  a.  m.  to  1  p.  Ill  

Total,  6  hours 
1  p.  m.  to  4  p.  m  

132. 78 

184. 14 

159. 15 

224. 26 

234.74 

228. 87 

199. 10 

292.69 

257. 40 

106.95  '  113.70 

109. 74 
107. 24 

110.  49 
96.50 

165. 39 
138. 67 

131. 74 
121.58 

4  p.  m.  to  7  p.  in  

98.  72 

123.52 

Total,  6  hours 

Total,  12  hours  

7  p.  m.  to  10  p.  m  

179.  47 

206.  41 

190. 98 

205.  67 

237. 22 

216. 98 

206. 99 

297. 92 

253. 32 

319. 83 

390.  55 

350. 13 

429. 93 

471. 96 

445.85 

406.09 

590.  61 

510. 72 

118.83 
70.93 

126.88 
84.  45 

121.  77 
79.32 

107. 18 
97. 11 

119.88 
126. 79 

114  26 
110. 20 

10  p.  m.  to  1  a.  m  

Total,  6  hours  

1  a.  m.  to  4  a.  m  

168.00 

171.  54 

169. 31 

197. 81 

63.86 
63.  77 

204. 04 

64.86 
72.85 

201. 09 

213.  86 

246. 67 

224  46 

64.  .30  !  7.3.31 

84  91 
79. 19 

77. 77 
76.65 

68.72 

74  30 

Total  12  hours  

Total,  24  hours  

136.53 

144. 18 

140.19 

127. 94 

136. 71 

133.  02 

147.  61 

162.28 

154  42 

304.  53 

315. 72 

309.50 

325.  75    340. 75 

334. 11 

358.09  408.95 

378.88 

628.07 

706. 27 

659. 63 

761.43 

807.  78 

779. 96 

815. 04 

952. 08 

889.60 

Period. 

Work  experiments. 

Experiment  No.  56,  b  with 
G.  C.  W.,  fat  diet. 

Experiment  No.  57,  with 
G.C.W.,  carbohydrate  diet. 

Experi- 
ment 

No.  61,  c 
with 

B.  F.  D., 

carbohy- 
drate 
diet. 

Mini- 
mum. 

Maxi- 
mum. 

Average. 

Mini- 
mum. 

Maxi- 
mum. 

Average. 

7  a.  m.  to  10  a.  m  

10  a.  111.  to  1  p.  m  

Total  6  hours  

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  ni  

Total  6  hours  

Total  12  hours  

7  p.  m.  to  10  p.  in  

10  p.  m.  to  1  a.  Ill  

Total  G  hours  

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total  6  hours  

Total  12  hours  

Grams, 
d  343.  56 
<2  274.  20 

Grams. 
d  344.  00 
d  410.  72 

Grams, 
d  343.  78 
<2  342.  46 

Grams. 
331.  40 
391.  94 

Grams. 
418.  34 
490.  83 

Grams. 
378.88 
449.  40 

Grams, 
363.  72 
396.  51 

618.  20 

754.28 

688.73 

723.  34 

909. 17 

828. 28 

760.23 

d  360.  62 
d  293.  56 

d  368.  19 
d  315.  92 

d  364.  41 
d  304.  74 

342.  51 
201.  41 

397. 16 
439.  07 

367.  40 
354  21 

267.  44 
211. 13 

654. 18 

684. 11 

673.  05 

.598.  57 

784  69 

721.  61 

478.  S! 

1, 302.  31 

1,408.  .46 

1, 361.  78 

1.507.  74 

1,633.92 

1,549.  89 

1.238.80 

d  129.  56 
d  103.  22 

d  136.  14 
d  103.  48 

d  132.  85 
d  103.  35 

165. 17 
104. 70 

166.  58 
139.  68 

166.  08 
120. 10 

117.  90 
89.72 

232.  78 

239.  62 

236. 72 

271.  20 

306.26 

87.68 
90.21 

286. 18 

86. 19 
89.30 

207.68 

82.54 
70.61 

d  87. 19 
d74.  01 

d  88.  31 
<2  78.  29 

d  87.  75 
d  76. 15 

84.63 
87.82 

162.  32 

165.  48 

163.  69 

174  07 

177.  89 

175.  49 

153. 15 

395. 10 

405.10 

400.41 

445.  27 

480.77 

461.67 

360.83 

Total  24  hours  

1, 697.  41 

1, 813.  56 

1,762. 19 

1, 953.  01 

2,092.88 

2,  Oil.  56 

1, 599. 63 

a  During  this  experiment  records  were  made  only  by  6-hour  periods. 

b  During  first  day  of  this  experiment  record  was  made  only  by  6-hour  periods. 

c  One  day  experiment. 

d  Second  "and  third  days. 
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Table  72. — Carbon  dioxid  eliminated  during  3-hour  periods,  metabolism  experiments 
Nos.  56-58  and  60-67— Continued. 


Teriod. 

Work  experiments — Continued. 

Severe 
work 
experi- 
ment 
No.  64, 
with 
A.  L.  L., 
fat  diet. 

Experiment  No.  02,  with 
A.  L.  L.,  carbohydrate  diet. 

Experiment  No.  63,  with 
A.  L.  L.,  fat  diet. 

Mini- 
mum. 

Maxi- 
mum. 

Average. 

Mini- 
mum. 

Maxi- 
mum. 

Average. 

7  a.  m.  to  10  a.  in  

10  ii.  m.  to  1  p.  m  

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total  t)  hours  

Total  12  hours  

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total  li  hours  

1  a.  ni.  to  4  a.  m  

4  a.  m.  to  7  a.  ni  

Total  6  hours  

Total  12  hours  

Total  24  hours  

Gvct  J71S 
330.  81 
311. 66 

Gtcltjis, 
342.  30' 
332.  90 

Grdjus. 
336.  88 
323.  79 

Gtcltjis. 
307.30 
287.  33 

GrdiTis. 
329.  29 
303.  21 

GrciTns. 
319.  34 
297.  27 

Grams. 
308.  49 
304  66 

649. 17 

675. 20 

660.  67 

594  03 

630.  55 

616.  61 

673. 15 

319.  61 
292.  34 

335.  88 
323.  74 

325. 93 
310.  27 

301.  20 
256.48 

322. 12 
203.  28 

314  88 
260.  86 

392.  07 
336.  41 

628.  22 

643.  35 

636.  20 

564  48 

58415 

575.  74 

728.  48 

1.285.85 

1,312.24 

1,296.87 

1,178.78 

1,209. 15 

1, 192.  35 

1,401.  03 

iia  93 
gaol 

150.77 
114.48 

134  54 
105. 10 

122. 19 
104  00 

124  77 
109.  78 

123.  58 
106.  98 

384  07 
249.  08 

228.  41 

246. 72 

239.  04 

226. 19  j     233.  55 

230.  56 

633.  75 

81.  83 
80.  62 

94.  39 
86.  55 

87.  35 
83.60 

70.17 
81.  21 

86.51 
8a  02 

80.13 
83.96 

223.  44 
85. 19 

165.  46 

175.  01 

170.  95 

158. 19 

167. 72 

164  09 

308.  63 

403.  42 

416. 17 

410.  59 

391.  74 

399.  65 

394  65 

942.38 

1, 695. 94 

1, 724  42 

1, 707.  46 

1, 578.  43 

1, 601.  69 

1, 587. 00 

2, 344  01 

The  influence  of  the  character  of  the  diet  on  carbon  dioxid  excre- 
tion is  not  ap2:)arent  in  the  rest  experiments,  since  all  the  subjects 
partook  of  a  diet  which  was  largely  carbohydrate  in  nature.  The 
figures  for  minimum  land  maximum  represent  practically  the  results 
of  three  days  of  experimenting  in  the  case  of  experiments  Nos.  58  and 
60,  and  of  four  days  experimenting  wath  Nos.  65-67.  As  would  be 
expected,  during  the  last  half  of  the  night,  namely,  from  1  a.  m.  to  7 
a.  m.,  the  output  remained  quite  constant  for  each  individual.  On 
com])aring  the  work  experiments,  it  is  seen  that  with  the  carbohydrate 
diet  there  was  a  larger  output  of  carbon  dioxid  than  with  the  fat  diet. 
This  is  more  clearly  established  in  the  case  of  experiments  Nos.  62  and 
63,  in  which  the  total  amount  of  external  muscular  work  was  uniform, 
than  in  ex])eriments  Nos.  56  and  57,  in  which  there  were  small  varia- 
tions in  the  amounts  of  muscular  work.  In  both  series,  however,  the 
results  show  the  increased  carbon  dioxid  outjiut  with  the  carbohy-' 
drate  diet. 

In  the  work  experiments  the  constancy  of  output  during  the  night 
period  from  1  a.  in.  to  7  a.  m.  is  again  very  noticeable.  Obviously 
the  severe  work  experiment,  where  the  daily  programme  was  entirely 
different  from  any  others,  and  where  a  considerable  proportion  of 
muscular  work  was  performed  during  the  night,  can  not  be  compared 
with  the  other  days.    It  is  interesting  to  note  that  there  was  an 
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enormous  output  of  carbon  dioxid — 2,344  grams  on  this  day  of  severe 
muscular  work.  It  is  furthermore  significant  that  in  the  period  in 
experiment  No.  64  when  the  subject  was  sleeping,  the  output  of  car- 
bon dioxid  was  practically  the  same  as  that  of  experiments  Nos.  62 
and  63  during  a  corresponding  period,  although  in  the  former  case  the 
period  had  been  preceded  by  one  of  severe  muscular  work,  in  which 
over  200  grams  of  carbon  dioxid  had  been  eliminated,  whereas  only 
about  80  grams  had  been  eliminated  during  the  sleeping  period  from 
1  a.  m.  to  4  a.  m.,  of  experiments  Nos.  62  and  63.  This  is  of  itself  a 
marked  indication  of  the  absence  of  any  material  retention  of  carbon 
dioxid  in  the  chamber  after  muscular  work. 

CARBON  DIOXID  ELIMINATION  PER  HOUR. 

The  fact  that  the  amount  of  carbon  dioxid  eliminated  is  directly 
influenced  by  muscular  work  is  more  clearly  brought  out  when  the 
rates  per  hour  for  the  difl^erent  periods  'of  the  day  are  computed. 
The  average  amounts  of  the  carbon  dioxid  eliminated  by  lungs  and 
skin  per  day  and  rates  in  proportion  for  the  different  periods  are 
given  in  Table  73.  The  exj^eriments  are  again  subdivided  into  rest, 
work,  and  severe  work,  and  the  character  of  the  diet  is  also  indicated. 


Table  73. —  Carbon  dioxid  eliviinated  by  lungs  and  skin — Average  amounts  per  day  and 
rates  and  proportions  for  different  periods. 


Subject  and  kind  of  expe- 
riment. 

Duration. 

Total  amounts  in  24 
hours. 

Eates  per  hour. 

Proportion  of  total 
for  24  hours. 

Day 
periods. 

Night 
periods. 

Average  for  24 
hours. 

Day 
periods. 

Night 
periods. 

7  a.  m.  to 
1  p.  m. 

1  p.  m.  to 
7p.m. 

7  p.  ra.  to 
1  a.  m. 

1  a.  m.  to 
7  a.  m. 

7  a.  m.  to 
1  p.  m. 

1  p.  m.  to 
7  p.  m. 

7  p.  m.  to 
1  a.  m. 

1  a.  m.  to 
7  a.  m. 

Rest  experiments. 

No.  58,  H.  F.,  carbohydrate 
diet  

No.  60,  B.  F.  D.,  carbohydrate 
diet  

Nos.  65-67,  A.  L.  L.,  carbohy- 
drate diet  

Average  of  rest  experi- 
ments   

Work  experiments. 

No.  56,  J.  C.  W.,  carbohydrate 
diet  

No.  57,  .r.  C.  W.,  fat  diet  

No.  61,  B.  F.  D.,  carbohydrate 
diet  

No.  62,  A.  L.  L.,  carbodyhrate 
diet  

No.  63,  A.  L.  L.,  fat  diet  

Average  of  worlc  experi- 
ments   

No.  64,  A.  L.  L.,  fat  diet,  severe 
work  

Average  of  work  and  se- 
vere work  experiments . 

Days. 
3 

3 

4 

Gms. 
659.  63 

779.  96 

889.60 

Gms. 
26.52 

38.15 

42.90 

Gms. 
31.83 

36.16 

42.22 

Gms. 
28.  22 

33.52 

37.41 

Gms. 
23.37 

22. 17 

25.74 

Gms. 
27.48 

32.50 

37.07 

P.  ct. 
241 

29.  4 

2S.9 

P.  ct. 
28.9 

27.8 

2&5 

P.ct. 
25.7 

2.5.8 

25.2 

P.ct. 
21.3 

17.0 

17.  4 

10 

787.  72 

36.56 

37.29 

33  48 

23.96 

32.82 

27.9 

2a  4 

25.5 

ia2 

3 
3 

1 

3 
3 

1,762. 19 
2,011.  56 

1,599.  63 

1,707.46 
1, 587.  00 

114  79 
138.  05 

126.  71 

110. 1] 
102. 77 

112. 18 
120.  27 

79.  76 

106  03 
95.96 

39.45 
47.70 

34  01 

39.94 
38.43 

27.  28 
29.25 

25.  53 

28.49 
27.35 

73.  42 
83.82 

66  65 

71. 14 
66.13 

39. 1 
41.2 

47.5 

3a  7 
38.9 

3a  2 
35.9 

29.9 

37.3 
36. 3 

13.4 
14  2 

13.0 

14  0 
14  5 

9.3 

a  7 

9.6 

10.0 
10.3 

13 
1 

1,754.  17 
2, 344  01 

117.  22 
112. 19 

106  39 
121.  41 

40.86 
105.  63 

27.90 
51.  44 

73.09 
97.67 

40.1 

28.7 

36.4 
31. 1 

14  0 
27.0 

9.5 
1.3.2 

14 

1, 796  31 

116.  86 

107.  46 

45.49 

29.58 

74  85 

39.0 

35.9 

1.5.2 

9.9 
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The  average  results  show  tliat.  (hiring  the  rest  experiments  about  37 
grams  of  earbon  choxid  were  ehminated  per  hour  from  7  a.  in.  to 
7  p.  in.  For  the  ])erio(l  from  7  p.  m.  to  1  a.  m.  the  output  is  st)mewhat 
lower,  owing  to  the  fact  that  the  subject  usually  retires  at  11  p.  m., 
and '  hence  the  muscular  activity  is  markedly  diminished.  The 
average  output  during  this  period  was  3.3.48  grams,  while  in  the 
period  fi'om  1  a.  m.  to  7  a.  m.,  during  v.hich  time  tlie  subject  is  at 
rest  and  usually  aslee])  and  the  muscular  activity  is  least,  the  carbon 
dioxid  was  similarly  lower  than  at  any  other  period  of  the  day,  the 
average  output  during  this  ])eriod  being  not  far  from  24  grams.  The 
average  of  the  ten  days  of  the  experiments  here  reported  for  the 
twenty-four  hours  is  32.82  grams.  It  shoidd  be  noted,  however, 
that  because  of  experiment  No.  58,  in  which  the  subject's  routine 
was  such  as  to  include  a  large  amount  of  rest,  the  average  for  the  rest 
experiments  is  considerably  lowered.  Experiments  Nos.  60  and  6.5-67 
are  nuich  m-jre  in  accord  with  the  results  of  14  experiments  previously 
published."  It  is  significant,  however,  that  when  the  muscular 
activity  was  alike  in  all  experiments,  namely,  from  1  a.  m.  to  7  a.  m., 
the  discrepal.^y  between  the  three  experiments  practically  disap- 
peared. 

During  the  work  experiments  the  output  is  in  large  measure  pro- 
portional  to  the  amount  of  work  done,  although,  as  has  been  pointed 
out  before,  the  influence  of  the  character  of  the  diet  must  not  be 
overlooked.  Since  the  work  in  all  the  experiments  except  No.  64 
was  performed  between  7  a.  m.  and  7  p.  m.,  the  greatest  differences 
between  the  rest  and  work  experiments  are  found  during  these  hours. 
During  the  evening  period,  from  7  p.  m.  to  1  a.  m.,  there  was  on  the 
average  a  larger  excretion  of  carbon  dioxid  during  the  work  days 
than  during  the  rest  days,  and  at  first  sight  this  might  seem  to  be  an 
indication  that  there  was  a  lag  of  the  carbon  dioxid  elimination 
after  work.  Six  of  the  thirteen  days  of  the  work  experiments,  how- 
ever, were  made  with  the  subject  J.  C.  W.,  who  was  a  much  larger 
man  than  the  others,  and  if  these  two  experiments,  Nos.  56  and  57, 
are  eliminated,  the  average  for  the  evening  period  is  not  far  from 
that  for  experiments  Nos.  60  and  65-67.  As  a  matter  of  fact,  there 
is  also  somewhat  more  external  muscular  exertion  in  the  period  from 
7  p.  m.  to  1  a.  m.  during  work  experiments  than  during  rest  experi- 
ments. There  is  more  furniture  to  adjust,  a  larger  collection  of 
dishes  to  be  passed  out  of  the  food  aperture,  the  preparation  for 
retiring  is  somewhat  more  complicated,  and  hence  it  is  not  at  all 
surprising  that  there  is  a  slightly  greater  elimination  of  carbon  dioxid 
than  during  the  same  period  in  the  rest  experiments. 

In  the  night  period,  from  1  a.  m.  to  7  a.  m.,  there  is  again  a  slight 
increase  over  the  period  in  rest  experiments.    The  comparison  in 

a  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  136,  p.  132. 
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this  case  is  by  no  means  a  satisfactory  one,  since  there  is  no  work 
experiment  with  H.  F.,  and  with  B.  F.  D.  there  is  only  one  day  of 
work.  This  leaves  for  comparison  only  the  experiments  with  A.  L.  L. 
In  his  case  the  average  from  1  a.  m.  to  7  a.  m.  during  rest  was  25.74, 
and  during  work  practicall}^  28  grams,  a  slight  increase.  It  is  difficult 
to  state  exactly  what  this  increase  represents.  It  ma}^  possibly  be 
explained  by  the  fact  that,  contrary  to  what  might  be  expected,  the 
subjects  did  not  as  a  rule  sleep  as  well  on  the  nights  after  work  as 
they  did  on  the  nights  after  rest.  This  has  been  a  matter  of  common 
observation  in  all  the  experiments  made  thus  far. 

The  proportion  of  the  total  carbon  dioxid  eliminated  in  the  different 
periods  of  the  day  is  given  in  the  last  four  columns  of  the  table. 
These  figures  show  that  during  rest  experiments  about  28  per  cent  of 
the  total  is  eliminated  during  the  period  from  7  a.  m.  to  1  p.  m.,  a 
similar  proportion  from  1  p.  m.  to  7  p.  m.,  a  slightly  smaller  propor- 
tion from  7  p.  m.  to  1  a.  m.,  and  but  18.2  per  cent  frOi!^l  1  a.  m.  to 
7  a.  m.  With  the  introduction  of  muscular  work  in  the  experiments 
these  proportions  are  very  materially  altered,  and  the  amount  elimi- 
nated between  1  a.  m.  and  7  a.  m.  maj  fall  to  as  low  as  8.7  per  cent 
of  the  total.  The  percentage  elimination  during  the  work  experi- 
ments is,  m  fact,  almost  directly  proportional  to  the  degree  of  activity. 

ELIMINATION  OF  WATER. 

The  discussion  of  the  elimination  of  water  is  rendered  somewhat 
unsatisfactory  by  the  fact  that  a  very  large  proportion  of  the  water 
in  the  body  is  taken  in  as  the  preformed  water  of  food  and  drink, 
and  another  portion  is  formed  from  the  combustion  of  organic  hydro- 
gen in  the  body.  It  is  not  possible  to  determine  what  proportions 
of  the  amounts  eliminated  during  any  given  period  are  derived  from 
these  two  sources,  consequently  any  discussion  of  the  elimination 
must  include  not  only  the  preformed  water  of  food  and  drink,  but 
also  that  resulting  from  the  oxidation  of  organic  hydrogen.  In  Table 
74  data  for  the  income  and  outgo  of  water  in  the  metabolism 
experiments  here  reported  are  given. 
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Table  74. — Daily  income  and  oalgo  of  water  in  vietabolism  experiments  Nos.  66-58 

and  60-67. 


Subject  aiui  kind  of  cxpori- 
ment. 

Du- 
ra- 
tion. 

Income. 

Outgo. 

In 
food. 

In 
drinlv. 

Total. 

In 
feces. 

In 
urine. 

In  respi- 
ration 
and  per- 
spiration. 

Total. 

Rest  experivients. 

No.  .58..  with  11.  F.,  ciirlio- 
hydratc  diet: 
Minimum  

.Vveragp  

No.  liO.  with  B.  F.  D.,  carbo- 
hydrate diet: 

Maximum  

No.  65,  with  A.  L.  L.,  carbo- 
hydrate diet  

Days. 
I  1 

r  ^ 

Grams. 
1   530. 80 
i  619.30 

Grams. 
263. 00 
400.00 

Grams. 
882.  30 
958.  .50 

Grams. 
34. 77 
34. 77 

Grams. 
366. 90 
410.00 

Grams. 
507. 13 
828. 78 

Grams. 

914.80 
1,261.71 

571. 53 

354.33 

925. 87 

34.77 

383. 27 

717. 62 

1, 135. 65 

}  3 

11,0.54.80 
11,159.30 

700  00 
700.00 

1,7.54.80 
1, 859. 30 

97.07 
97. 07 

951. 30 
1,298.88 

272. 15 
1,198.  69 

1,320.52 
2,  .594. 64 

1,089.63 

700.00 

1,789.63 

97.07 

1,098.83 

810. 13 

1,072.46 
883. 83 

842. 28 
877. 76 

2,006.03 

1 

1 

}  ^ 

2, 255. 51 
2,039.22 

/1,405.02 
tl,.581.24 

2, 255. 51 
2,0.39.22 

1,40,5.02 
1,581.24 

62. 17 
62. 17 

62. 17 
62. 17 

1,020. 64 
981. 18 

1,013. 77 
1,266.29 

2,155.27 
1,927. 18 

1,918.22 
2, 206. 22 

2,062.22 

No.     with  \.  L.  L.,  carbo- 
hydrate diet  

No.  67,  with  .v.  L.  L., carbo- 
hydrate diet: 
Minimum  

Maximum  

Average  

1, 493. 13 

1, 49.3. 13 

02. 17 

1, 140. 03 

860.02 

Average,  Nos.  65,  66, 
and  67  

4 

If  O^U. 

62  17 

1  070. 47 

919. 08 

Average,  Nos.  ,58,  60, 
65,  66,  and  67  

Work  experiments. 

No.  56,  with  J.  C.  W.,  fat 
diet: 

Minimum  

Average  

No.  57,  with  J.  C.  W., carbo- 
hydrate diet: 
Mininunn  ' 

Average  

No.  61,  with  B.  F.  D.,carl)o- 
hvdrate  diet  

No.  62,  with  A.  L.  L., carbo- 
hydrate di(>t: 
Mininunn  

-Vverage  

No.  («,  with  A.  L.  L.,  fat 
diet: 

Maximum  

Average  

Average,  Nos.  56,  57, 
61,  62,  and  63  

Severe  vork  experiment. 

No.  64,  with  A.  L.  L.,  fat 
diet  

.Vverage,  Nos.  56,  57, 
61,62.6.3,  and  64 

10 

1,226.45 

a  527. 17 

1,542.75 

64.42 

872. 82 

825. 96 

1, 763. 19 

I  1 
f  3 

1 ifoO.  OU 

13,011.70 

I ,  you.  iRj 
1,950. 00 

'i,  CiOO.  OU 

4,961.70 

lyi.  ou 
191.30 

1,425.80 

4, 179.  78 

c  nio  7 J, 
0,  UX^.  f  4 

5,319. 37 

2,972.  43 

1,950.00 

4,922.  43 

191. 30 

1,089.20 

3,929. 73 

5,210. 23 

\  3 

\2,  394.  70 

2  291  00 
2i29l!00 

4, 685.  70 

Ziro.  Do 

298. 53 

789  10 
932!  21 

0,  oyi.  / 0 
4, 191.  47 

K  lot;  rn 
Oj  i.£Hj,  tJU 

5, 279. 10 

2, 366. 50 

2,291.00 

4,6,57.  50 

298.  .53 

842. 61 

4,039.67 

5, 180. 81 

1 

t  3 

1,029.50 

f   591  10 
I  779^40 

1,834.00 

2, 797. 90 
2, 900. 00 

2, 863. 50 

3,  491. 10 
3,577.30 

92.67 

151  60 
15L  60 

843.00 

490  50 
626!  70 

2, 869.  45 

yoo.  y.j 
3, 573. 19 

3, 805. 12 

■5  c:7Q  cr 

4,351.49 

681  53 

2, 8.59. 00 

3, 540.  53 

151  60 

"3  'ifY7  Kfi 
0,  o\Jl .  00 

0,  yyo.  ^0 

}  3 

r   629.  .50 

1,731.80  3,108.10 
2,478.60  1  4, 151.90_ 

97. 15 
97. 15 

913,45 
1, 7.58. 86 

3. 479. 03 
3, 952.  69 

4, 963. 29 
5, 508. 15 

1, 666.  40 

2, 137. 03 

3,803.  43 

97. 15 

1, 476.  45 

3, 695. 23 

5, 268. 83 

13 

01,853.08 

2,272.70 

4, 125. 78 

177.57 

975. 33 

3, 675. 87 

4,828. 77 

1 

2,897.50 

3, 832. 00 

6, 729. 50 

97. 15 

1,075.55 

5,939. 67 

7,112. 37 

14 

ol,  927. 68 

2, 384. 08 

4,311.76 

171. 83 

982.  49 

■3, 837.  .57 

4, 991. 88 

o  Average  for  2  experiments. 
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The  quantity  of  water  in  the  food  depends  largely  upon  the  nature 
of  the  diet  and,  indeed,  to  a  considerable  extent  upon  the  quantity 
of  milk  consumed,  milk  being  used  in  these  experiments  as  food 
rather  than  as  drink.  The  quantity  of  drinking  water  was  quite 
small  in  the  rest  experiments;  in  fact,  in  those  in  which  there  was  a 
large  quantity  of  water  in  the  food  no  drinking  water  was  taken. 
The  quantit}^  in  thB  feces  was  small;  that  in  the  urine  was  much 
larger,  but  fluctuated  within  very  wide  limits,  being  dependent  upon 
the  amounts  taken  in  the  food  and  drink  and  those  eliminated  by 
the  lungs  and  skin.  The  quantity  of  water  of  respiration  and  perspi- 
ration is  determined  in  large  measure  by  the  muscular  activity  and 
by  the  degree  of  humidity  of  the  air  in  the  respiration  chamber. 
This  is  discussed  in  detail  in  the  section  on  ventilation.  (See  p.  237.) 
In  the  work  experiments,  in  general,  the  quantity  of  water  in  both 
food  and  drink  was  very  much  larger,  though  in  experiment  No.  62 
the  amount  of  water  in  the  food  was  unusually  small.  In  experiment 
No.  64,  with  severe  muscular  work,  the  total  amount  was  especially 
large.  The  larger  amount  in  the  feces  in  work  experiments  was  due 
to  the  increase  in  amount  of  feces  resulting  from  the  larger  diet  con- 
sumed. It  is  interesting  to  note  that  in  experiments  Nos.  56  and 
57  with  J.  C.  W.,  and  also  in  Nos.  62  and  63  with  A.  L.  L.,  the  amount 
of  water  in  the  feces  from  a  carbohydrate  diet  was  considerably 
greater  than  in  that  from  a  fat  diet.  When  the  largely  increased 
amounts  of  drinking  water  are  taken  into  consideration,  it  is  some- 
what surprising  that  larger  fluctuations  in  the  volume  of  urine  were 
not  found.  On  the  average,  the  quantity  of  water  in  the  urine  was 
but  very  little  less  in  the  rest  than  in  the  work  experiments.  The 
increased  output  of  water  in  work  experiments,  which  was  very 
large,  was  of  course  mainly  that  of  respiration  and  perspiration. 
In  experiment  No.  64  the  total  water  output  is  nearly  double  that 
in  experiments  Nos.  62  and  63.  The  amount  of  water  thus  elimi- 
nated is  therefore  approximately  proportional  to  the  amount  of  work 
done. 

WATER  OF  RESPIRATION  AND  PERSPIRATION. 

It  has  been  explained  (p.  63)  that  the  output  of  water  from  the 
lungs  and  skin  is  determined  from  the  data  regarding  the  quantity 
of  water  leaving  the  chamber  in  the  ventilating  air  current  and  that 
condensed  on  the  absorbers  and  collected  in  the  drip  cups.  To  this 
is  added  in  work  experiments  the  amount  collected  in  the  under- 
clothes from  day  to  day,  but  during  rest  experiments  the  variations 
in  the  weight  of  the  underclothes  are  so  sUght  as  to  make  this  hardl}'^ 
necessary.  The  elimination  of  water  from  the  lungs  and  skin  during 
the  3-hour  periods  in  the  rest  and  work  experiments  is  given  in  detail 
in  Table  112  of  the  Appendix,  and  summarized  in  Table  75. 
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Table  75. —  Water  eliminated  from  lungs  and  skin,  during  :i-hoiir  periods,  in  metabolism 
experiments  Nos.  5fi-5H  and  (iO-67. 


Period. 

Best  experiments. 

Experiment  No.  58, 
with  H.  F.,  carbo- 
hydrate diet.o 

Experiment   No.  60, 
with  B.  F.  D.,  carbo- 
hydrate diet. 

E.xporinionts   Nos.  6.5- 
67,  with  A.  L.  L.,  car- 
bohydrate diet. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Orams. 

Grams. 

Grams. 

Grams. 
37.52 
16.66 

Grams. 
171. 06 
162. 64 

Grams. 
114.49 
98.95 

Grams. 
109. 39 
107. 03 

Grams. 
142. 65 
130. 20 

Grams. 
123.66 
117. 43 

241. 09 

10  11.  111.  1(1  1  p.  Ill  

Totiii,  ti  hours 

122.  (32 

214. 55 

172. 26 

54. 18 

333. 68 

213. 44 

216.  42 

272.  85 

32. 06 
45. 59 

169. 84 
169. 25 

108.  76 
111.88 

103. 23 
105. 89 

136.  81 
128.  01 

U.'i.  02 
112. 32 

4  p.  in.  to  7  p.  m  

Total,  G  hour.s  

total,  12  hours  

7  p.  m.  to  10  p.  in  

111.02 

213.  41 

171. 52 

77.65 

339.09 

220. 64 

209. 87 

204.  82 

227. 34 

233. 64 

404.67 

343. 78 

131.83 

072.77  j  434.08 

426.29 

535.67 

468.43 

38.95 
40.86 

148. 66 
141. 24 

105.  49 
98.  66 

99. 74 
109.  70 

140.  76 
142.  48 

113.49 
119. 37 

Total,  1)  hours  

129. 73 

226. 68 

190.17 

79. 81 

289.90 

204. 15 

213.20 

283. 24 

232. 86 

31. 21 
29.30 

121.88 
114. 61 

85.88 
86. 02 

106. 86 
94. 94 

130. 11 
121.  44 

114.39 
103.  40 

4  a.  m.  to  7  a.  in  

Total,  12  hours  

Total,  1  day  

143.  76 

209.08 

183. 67 

60.51 

236.02 

171.90 

202. 79 

251.  55 

217.  79 

273. 49 

435.76 

373. 94 

140.32 

525. 92 

376. 05 

415.99 

534. 79 

450. 66 

507.13 

828. 78 

717. 62 

272. 15 

1,198.69 

810. 13 

842.28 

1,072.46 

919. 08 

Period. 


7  a.  m.  to  10  a.  m. 
10  a.  m.  to  1  p.  m . 


Total,  6  hour.i. 


1  p.  m  to  4  p.ni . . 
4  p.  m.  to  7  p.  m. 


Total.  6  hours.. 
Total.  12  hours. 


7  p.  m.  to  10  p.  m. 
10  p.  m.  to  1  a.  in. 


Total,  fi  hours. 


1  a.  m.  to  4  a.  m . 
4  a.  m.  to  7  a.  m. 


Total,  6  hours. . 
Total,  12  hours. 
Total  1  day  


Work  experiments. 


Experiment  No.  .'id,  with 
J.  C.  W.,  fat  diet.b 


Mini- 
mum. 


Grams. 
740. 51 
745.  48 


1,342.35 


833.  64 
831.  .39 


1,553.48 


2,895.83 


178. 06 
189. 18 


369. 59 


179.90 
171.83 


351. 73 


721.32 


3,702.  27 


Maxi- 
mum. 


Grams. 
887. 24 
844. 17 


1,771.41 


849.  46 

850.  37 


1,699. 83 


3,436.44 


188. 05 
191.  .53 


418. 03 


191. 81 
174. 30 


388.41 


806.  44 


4, 179.  78 


Average. 


Grams. 
813.88 
814.82 


1,533.25 


841. 55 
840.88 


1,639.45 


3, 172.  70 


183. 06 
190. 35 


388.28 


18.5. 86 
173.  m" 


368. 75 


757. 03 


3,929. 73 


Experiment  No.  57,  with 
J.  C.  W.,  carbohydrate 
diet. 


Mini- 
mum. 


Grams. 
75  j.  44 
834. 03 


1,590.47 


621. 71 
666. 10 


1,287.81 


3,250.41 


184.  64 
151. 14 


343. 52 


151. 13 
149. 70 


300.83 


644. 35 


3,894.76 


Maxi- 
mum. 


Grams. 

952. 67 
1,0.54.  63 


2,007. 30 


872. 30 
889.  66 


Average. 


Grams. 
8.55.  66 
932.  56 


1,788.  22 


Experi- 
ment No. 
61,  with 
B.F.D., 
carbohy- 
drate 
diet. 


Grams. 
543. 97 
.557. 01 


1,100.' 


741.79  I 
769.31 


565. 26 
553.50 


1,761.95 


3,3.52.43 


215. 19 
216.  40 


431. 59 


212.  06 
195. 39 


407.  45 


839.04 


4, 191.  47 


1,.511. 10 


3,299.32 


197.  40 
188. 30 


385.70 


178. 14 

176.  51 


354. 65 


740.  3.5 


4,039.67 


1,118. 76 


2,219.74 


177. 82 
164. 62 


342.44 


159. 63 
147.64 


307. 27 


649. 71 


2,869.45 


n  Determined  for  6-hour  periods  only. 

Ii  During  the  first  day  of  experiment  No.  .56  records  were  made  only  bv  (Whour  periods.  The  figures 
for  ''total  6  hours"  therefore  represent  the  data  for  all  3  davs,  while  the  figures  for  individual 
3-hour  periods  represent  only  the  second  and  third  days  of  the  experiment. 
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Table  75. —  Water  eliminated  from  lungs  and  skin,  during  3-hour  periods,  in  metabolism 
experiments  Nos.  56-58  and  60-67 — Continued. 


Period. 


7  a.  m  to  10  a.m  

10  a.  m.  to  1  p.  m  

Total,  6  hours. 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6  hours. 

Total,  12  hours 

7  p.  m.  to  10  p.  ni  

10  p.  m.  to  1  a.  m  

Total,  6  hours. 

1  a.  m.  to  4  a.m  

4  a.  to  7  a.  m  

Total,  C  hours. 

Total,  12  hours 

Total,  1  day... 


Work  experiments — Continued. 

Severe 
work 

experi- 
ment No. 
64,  with 
A.  L.  L., 
fat  diet. 

Experiment  No.  62,  with  A. 
L.  L.,  carbohydrate  diet. 

Experiment  No.  63,  with 
A.  L.  L.,  fat  diet. 

Mini- 
mum. 

Maxi- 
mum. 

Average. 

Mini- 
mum. 

Maxi- 
mum. 

Average. 

Gtclths. 
587.68 
591.  46 

Gtclvis. 
764. 62 
751.  41 

Grams. 
681.  30 
679. 13 

Grams. 
719.  41 
705. 06 

Grams. 
825. 58 
829. 77 

Grams. 
769. 05 
764.  &5 

Grams. 
830. 23 
816. 02 

1,179. 14 

1,516. 03 

1,360.49 

1,424.47     1,655.35  1,533.70 

1,646.25 

573.  70 
586.  39 

752.  64 
755. 58 

673. 91 
683.30 

714.  52 
713.  77 

826.  70 
833. 59 

771. 30 
769. 52 

828.70 
816. 91 

1,160.09 

1,508.22 

1,357.  21 

1,428.29 

1,660. 29 

1,540.82 

1,645. 61 

2,339. 23 

3,024.25 

2,717:  71 

2,852.76  3,315.64 

3,074.52 

3,291.86 

132. 47 
140.75 

152. 62 
171.83 

141.85 
158.33 

155. 79 
162.06 

157. 99 
163. 89 

156.33 
163. 25 

838. 48 
826. 32 

273. 22 

315. 02 

300. 18 

317.85 

321.88 

319.58 

1,664.80 

134. 26 
135.  73 

157. 18 
156. 74 

145. 14 
144.  64 

128. 65 
148. 26 

157.  82 
160. 22 

146.64 
154.  48 

816. 91 
106. 10 

275.72  313.92 

289.78 

276. 91 

318. 04 

301. 12 

983. 01 

548.  94       626. 20 

589.95  598.79 

637. 05 

620.70^  2,647.81 

2,933. 95 

3,573. 19 

3,307.66 

3,479.03 

3,952.69 

3,695.22  j  5,939.67 

The  results  are  tabulated  by  3,  6,  12,  and  24  hour  periods,  thus 
enabling  comparison  with  the  carbon  output  previously  given,  and 
also  with  the  oxygen  consumption  and  heat  elimination  as  given 
beyond.  It  is  important  to  bear  in  mind  that  these  results  do  not 
include  the  water  of  feces  and  urme.  In  experiment  No.  58  the 
water  elimination  per  day  varied  from  507  to  828  grams,  the  dif- 
ference being  due  in  large  measure  to  variations  in  the  degree  of  activ- 
it}^.  In  experiment  No.  60  there  were  still  greater  variations  in  the 
elimination  of  water,  ranging  from  272  to  1,198  grams.  These  large 
fluctuations  were  unquestionably  due  to  the  peculiar  conditions  of 
ventilation  which  obtained  durmg  the  first  and  second  day  of  this 
expermient.  It  will  be  recalled  that  on  the  first  day  the  subject 
wore  a  mask  which  immediately  withdrew  from  in  front  of  the  face 
all  the  air  leaving  the  lungs;  and  on  the  second  day  the  ventilation 
was  purposely  cut  down  to  such  an  extent  that  the  carbon  dioxid 
and  water  vapor  accumulated  very  materiall}'.  In  both  of  these 
experiments,  then,  the  conditions  for  the  individual  days  were  so 
lacking  in  uniformit}"  that  variations  in  water  elimination  day  by 
day  are  to  be  expected.  In  experiments  Nos.  65-67,  on  the  other 
hand,  the  daily  conditions  were  more  uniform,  and  the  variations 
for  the  total  day  ranged  from  842  to  1,072  grams,  wluch  are  not  at 
all  considerable  when  compared  with  those  in  the  other  experiments. 
Likewise,  when  compared  with  a  series  of  rest  experiments  v.  ith  the 
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subject  of  J.  C.  W.,  previously  published,"  these  variations  are  found 
to  be  about  what  would  be  expected. 

During  the  day  periods,  under  ordinary  conditions,  the  water 
elimination  is  in  general  proportional  to  the  time.  In  other  words, 
for  every  six  hours  there  is  an  elimination  of  water  during  rest  experi- 
ments which  is  practically  constant.  This  is  best  shown  in  the  col- 
mnns  of  averages.  For  example,  in  experiment  No.  58,  during  the 
four  6-hour  periods  covering  the  entire  day,  the  elimination  of  water 
was  172,  171,  190,  and  183  grams,  and  in  experiments  Nos.  65-67, 
where  the  conditions  were  even  more  comparable,  the  elimination 
for  the  four  6-hour  periods  was  241,  227,  232,  and  217  grams.  These 
data  and  those  for  similar  experiments  previously  published  indicate 
that  the  elimination  of  water  during  rest  experiments  is  a  fairly 
constant  factor,  the  amount  varying  with  the  individual.  In  these 
experiments  it  ranged  from  approximately  180  grams  per  6  hours 
with  subject  II.  F.  to  230  grams  with  subject  A.  L.  L. 

During  the  work  experiments  the  elimination  of  water  is  affected 
very  markedly  by  the  work  done,  and  it  is  difficult  to  draw  any 
definite  conclusions  regarding  the  different  subjects.  With  experi- 
ments Nos.  56  and  57,  in  which  the  work  was  approximately  uniform, 
although  there  were  differences  in  the  diet,  the  average  elimination 
of  water  from  the  limgs  and  skin  was  practically  the  same  each  day, 
and  the  averages  by  3-hour  periods  are  not  at  all  unlike.  On  the 
contrary,  with  the  subject  B.  F.  D.  there  was  a  markedly  smaller 
elimination  of  water  during  the  work  experiments  than  in  either 
Nos.  56  or  57,  although  it  should  be  considered  that  the  work  per- 
formed also  was  considerably  less. 

In  experiments  Nos.  62  and  63  with  A.  L.  Ij.  on  different  diets 
and  uniform  activity  the  elimination  of  water  was  slightly  greater 
with  the  fat  diet  than  with  the  carbohydrate  diet.  This  increase 
obtains  throughout  the  average  for  the  2)eri()ds  as  well  as  for  the 
whole  day.  In  the  severe  work  experiments  the  cjuantity  of  water 
eliminated  was  very  much  greater  than  with  the  others,  but  here 
again  there  is  a  surprising  constancy  in  the  agreement  of  the  different 
()-hour  periods,  and,  indeed,  of  the  3-hour  ])eriods. 

W  ATER  OF  RESPIRATION  AND  PERSPIRATION  PER  HOUR. 

The  regularity  in  the  elimination  of  water  tlu"ough  the  lungs  and 
skin  in  rest  experiments  during  the  different  periods  of  the  day  is 
much  more  strikingly  shown  when  the  rates  per  hour  are  computed 
and  the  proportions  of  the  total  water  elimination  for  the  different 
periods  are  given.  These  data  for  l)oth  rest  and  work  experiments 
are  shown  in  Table  76. 
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Table  76. —  Water  elwiinatcd  by  lungs  and  shin — Average  amoimts  "per  day  and  rates  and 
proportions  for  different  periods. 


Subject  and  kind  of  experi- 
ment. 

Duration. 

Total  amounts  in  2i 
hours. 

Rates  per  hour. 

Proportions  of  total  for 
24  hours. 

Day 
periods. 

Night 
periods. 

Average  for  24 
hours. 

Day 
periods. 

Night 
periods. 

7  a.  m.  to 
j    1  p.  m. 

1  p.  m.  to 
7  p.  m. 

7  p.  m.  to 
1  a.  m. 

1  a.  m.  to 
7  a.  m. 

7  a.  m.  to 
1  p.  m. 

1  p.  m.  to 
7  p.  m. 

7  p.  m.  to 
1  a.  m. 

1  a.  m.  to 
7  a.  m. 

Rest  experiments. 

No.  58,  H.  F.,  carbohydrate 
diet  

No.  60,  B.  F.  D.,  carbohydrate 
diet  

Nos.  65-67,  A.  L.  ly.,  carbohy- 
drate diet  

Average  of  rest  experi- 
ments  

Work  experiments. 

No.  56,  J.  C.  W.,  carbohydrate 
diet  

No.  57,  J.  C.  W.,  fat  diet  

No.  61,  B.  F.  T>.,  carbohydrate 
diet  

No.  62,  A.  L.  L.,  carbohydrate 
diet  '-  

No.  63,  A.  L.  L.,  fat  diet  

Average  of  work  experi- 
ments  

No.  64,  A.  L.  L.,  fat  diet,  severe 
work  

Average  of  all  work  ex- 
periments  

Days, 
3 

3 

4 

Gms. 
717.  62 

810. 13 

919. 08 

Gms. 
28. 71 

35. 57 

40.18 

Gms. 
28.59 

36.  77 

37.89 

Gms. 
31.69 

34. 03 

38. 81 

Gms. 
30.  61 

28. 65 

38.30 

Gms. 
29. 90 

33.  76 

38.  30 

P.ct. 
24.0 

26. 4 

26.2 

P.  ct. 
23.9 

27.  2 

24.8 

P,  ct. 
26.5 

25.2 

25.3 

P.  ct. 

25.6 

21.2 
23.7 

10 

825. 96 

35.  36 

34.76 

35. 24 

32.30 

34.42 

25.7 

25.2 

25.6 

23.5 

3 
3 

1 

3 
3 

3,929.  73 
4, 039.  67 

2, 869.  45 

3, 307.  66 
3, 695. 22 

255.  54 
298. 04 

183.50 

226. 75 
255. 62 

273.  24 
251.  85 

186.  46 

226. 2'0 
256. 80 

64.71 
64.28 

57.07 

50. 03 
53. 20 

61.46 
59.11 

51.21 

48.30 
50. 19 

163.  74 
168. 32 

119.  56 

137. 82 
163. 97 

39.0 
44.3 

38.4 

41.1 
41.5 

41.7 
37.4 

39.0 

41.0 
41.7 

9.9 
9.5 

11.9 

9.1 
8.6 

9.4 

8.8 

10.7 

8.8 
8.2 

13 
1 

3, 675.  87 
5,939. 67 

253. 18 
274.  38 

246.  98 
274.  27 

57. 99 
277.  47 

54.49 
163. 84 

153. 16 
247.  49 

41.3 
27.7 

40.3 
27.7 

9.5 
28.0 

8.9 
16.6 

14 

3, 837.  57 

254.  69 

248.93  73.67 

62.30 

169. 90 

39.8 

38.9 

11.5 

9.8 

From  the  above  table  it  is  seen  that  in  the  rest  experiments  for  the 
same  subject  the  rates  per  hour  were  very  nearly  constant,  and  con- 
sequently the  proportion  of  the  total  water  elimination  in  the  different 
periods  similarly  constant.  The  regularity  is  such  that  on  the  average 
of  the  ten  days  of  rest  experiments  the  water  eliminated  for  each  six 
hours  was  very  close  to  25  per  cent  of  the  total.  It  is  interesting  to 
note  that  the  widest  discrepancy  noted  in  any  case  is  in  the  period 
from  1  a.  m.  to  7  a.  m.  of  experiment  No.  60,  as  compared  with  that 
from  1  p.  m.  to  7  p.  m.,  where  the  difference  is  6  per  cent.  The  detailed 
data  for  this  experiment,  given  in  the  Appendix,  show  that  the  ventila- 
tion conditions  during  this  experiment  are  such  as  to  render  it  dis- 
tinctly abnormal  for  purposes  of  comparison  such  as  this,  though  even 
with  the  abnormal  ventilation  the  percentage  of  water  eliminated  dur- 
ing this  period  was  very  close  to  the  average  during  rest  experiments 
under  normal  conditions. 

In  work  experiments  the  rates  per  three-hour  period  are  seen  to  be 
much  greater  during  the  performance  of  muscular  work.  The  gains 
in  weight  of  the  heat-absorbing  system  and  the  absorption  of  water 
in  the  underclothing  are  important  factors  in  the  determination  of  the 
ehmination  by  periods.    The  gain  m  weight  of  the  underclotliing  was 
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ascertained  but  once  for  each  day.  As  previously  explained,  when  the 
work  for  the  day  was  over  a  clean  suit  of  underclothing  was  put  on  and 
the  suit  which  had  been  worn  was  sent  out  from  tlie  chamber  to  l)e 
weighed.  It  was  assumed  that  the  gain  in  weight  should  be  apportioned 
equally  among  the  several  work  periods,  and  accordingly  it  was  so 
divided.  In  the  earlier  exi)eriments  the  change  in  weight  of  the 
absorbers  was  ascertained  by  weighing  <  )nce  every  six  hours.  It  was  then 
assumed  for  purposes  of  comparison  that  the  gain  or  loss  was  due  equally 
to  each  of  the  two  three-hour  periods.  In  the  later  work  experiments 
the  absorbers  were  weighed  less  frecpiently,  but  the  same  method  of 
apportionment  was  followed.  Since  the  total  elimination  of  water 
per  three-hour  j^eriod  depends  so  largely  upon  the  correctness  of 
these  assumi)ti()ns,  no  definite  conclusions  seem  warranted,  though 
there  is  no  reason  to  believe  that  any  large  error  is  thereby  introduced. 
Obviously,  any  possil)le  error  for  one  period  is  counterbalanced  by 
some  other  during  the  day,  and  the  total  figures  for  each  day,  and 
therefore  for  each  experiment  as  a  whole,  are  correct. 

The  same  fluctuations  observed  in  the  rates  per  hour  ai'e  also 
noticeal)]e  in  the  i)ercentages  for  the  different  periods.  In  experi- 
ment No.  57  the  proportion  fell  as  low  as  8.8  per  cent  during  the  period 
from  1  a.  m.  to  7  a.  m.,  and  rose  as  high  as  44.3  per  cent  in  the  period' 
from  7  a.  m.  to  1  p.  m.  This  computation  is  of  course  entirely  depend- 
ent on  the  accuracy  of  the  assumption  as  to  the  apportionment  of  the 
water  collected  on  the  heat  absorbers  and  in  the  underclothing. 

It  should  be  clearly  understood  that  the  elimination  of  water  per 
hour  is  but  indirectly  connected  with  the  oxidation  of  organic  hydro- 
gen; conseciuently  no  deductions  can  be  drawn  from  these  data  regard- 
ing the  elimination  of  water  formed  from  the  oxidation  of  the  hydro- 
gen of  the  molecule  of  protein  or  fat.  The  hydrogen  and  oxygen  of 
the  carbohydrate  molecule  can,  for  purposes  of  discussion,  be  consid- 
ered as  preformed  water. 

CONSUMPTION  OF  OXYGEN. 

In  all  previously  rejxjrted  experiments  made  in  this  laboratory  no 
direct  determinations  of  oxygen  were  possible,  though  recourse  was 
had  to  the  method  described  by  Rosa"  for  estimating  the  amount  of 
oxygen  consumed.  In  the  experiments  here  reported  oxygen  deter- 
minations were  made  by  periods,  the  same  as  those  for  which  the 
carbon  dioxid  and  water  vapor  were  measured.  The  data  regarding 
the  determinations  of  oxygen  in  the  whole  series  of  experiments,  by 
three,  six,  twelve,  and  twenty-four  hour  periods,  except  for  the  first 
day  of  experiment  No.  56  and  the  whole  of  experiment  No.  58,  in 
which  the  determinations  were  not  made  •for  three-hour  periods,  are 
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given  in  detail  in  Table  115  of  the  Appendix,  and  here  summarized  in 
Table  77. 


Table  77. — Oxygen  consumed  by  subjects  in  3-hour  periods,  metabolism  experiments 

Nos.  56-58  and  60-67. 


Period. 


Rest  exrperiments. 


Experiment  No.  58, 
with  H.  F..  carbo- 
hydrate diet." 


Mini- 
mum. 


Maxi- 
mum. 


Aver- 
age. 


Experiment  No.  60, 
with  B.  F.  D.,  car- 
bohydrate diet. 


Mini-  I  Maxi- 
mum, mum. 


Aver- 
age. 


Experiment  Nos.  65- 
67,  with  A.  L.  L., 
carbohydrate  diet. 


Mini-  Maxi-  Aver- 
mum.  mum. 


7  a.  m.  to  10  a.  m. 
10  a.  m.  to  1  p.  m. 


Total,  6  hours. 


1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6  hours. . 

Total,  12  hours. 


7  p.  m.  to  10  p.  m. 
10  p.  m.  to  1  a.  m . 


Total,  6  hours. 


J.  a.  m.  to  4  a.  m- 
4  a.  m.  to  7  a.  m. 


Total,  6  hours. . 
Total,  12  hours. 
Total,  24  hours. 


Grams. 


Grams. 


Grams. 


Grams. 
97.58 
73.62 


Grams. 
113.  79 
91.14 


121. 70    157. 23 


144.83 


148.04 


197.85 


88. 33 
76.79 


90.70 
89. 97 


135. 42    153  59 


147.48 


165. 12    180.  64 


272.13    as.  82 


138.25 


118. 12 


256.37 


528.50 


292.  31 


349. 16    369.  39 


93.44 
52.11 


99.32 
58.71 


146.  71 


141. 12 


149.06  156.95 


52.46 
54.45 


57.34 
64. 84 


Grams. 
107. 26 
82. 94 


Grams.] 
107. 49  ' 
76.12 


Grams. 
137.53 
118.  31 


Grams. 
122.  72 
103. 57 


190.20 


183.  61 


89.84 
82.26 


95. 14 
84.50 


255. 01 


226.  29 


139.  73 
I  118.20 


111.  28 
99.  S9 


172. 09 


185. 12    242. 81 


211.17 


362.  31 


368.  73 


97.00 
55.48 


87.39 
65.58 


152.48 


497.82 


437.  45 


113.  30 
104. 69 


95.80 


217.  99 


180.67 


54.27 
59.74 


68.67 
61.85 


128.60 


122. 10 


107.47  117.30 


273.  31 


263.  22 


258. 90    274. 25 


589.13 


555.54 


623. 41    635. 72 


114.01 


130.  57 


266.  49 


300.05 


628.80 


707.00 


SO.  11 
68.22 


73.29 
64.85 


147.55 


1-38. 15 


360.  43 


797. 87 


318. 81 
756.27 


Period. 

Work  experiments. 

Experiment  No.  56,i>  with 
J.  C.  W.,  fat  diet. 

Experiment  No.  57,  with 
J.  C.  W.,  carbohydrate  diet. 

Experi- 
ment 
No.  61, 
with 
B.  F.  D., 
carbo- 
hydrate 
diet. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Mini- 
mum. 

Ma.xi- 
mum. 

Aver- 
age. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m   

Grams. 
301.  .51 
250.88 

Grams. 
342.13 
360. 15 

Grams. 
321.82 
305.  52 

Grams. 
241.51 
291. 86 

Grams. 
300.82 
410. 63 

Grams. 
277.  66 
352.  78 

Grams. 
266.42 
333.77 

Total,  6  hours  

552.39 

702.28 

61.3. 02 

•  533.37 

711.  45 

630.  44 

600. 19 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  -  

Total,  6  hours  

Total,  12  hours  

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total,  6  hours  

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours  

Total,  12  hours  

Total,  24  hours  

313.  78 
251. 87 

332.64 
288.99 

323. 21 
270.  43 

252.83 
160. 18 

355. 94 
335.63 

298.  31 
272. 67 

220. 04 
172.  85 

584.51 

602.77 

■    596. 63 

516. 12 

608.35 

570. 98  1        .392.  89 

1,155.16 

1,286.-79 

1,209.64 

1,121.83 

1,254.86 

1,201.42 

993. 08 

110.12 
91.  93 

122.22 
106. 08 

116.67 
99. 01 

106.90 
85.73 

123.  32 
88.72 

114.70 
87. 43 

107. 03 
74.34 

204.54 

216.20 

211.  63 

192.  63 

211. 15 

202.13 

181.  37 

80.89 
64.81 

81.63 
70.73 

81.26 
67.77 

66.  48 
62. 10 

160.58 
70.11 

105.  42 
67. 16 

72. 21 
62.43 

146.  44 

15.3.  71 

150.59 

136.  59       229. 85 

172.58 

134.64 

358.  25 

365. 77 

362. 22 

329.  22  j     441.  00 

374. 71 

316. 01 

1,517.80  »,652.56 

1,571.87  j  1,556.79  1,608.76 

1,570.13 

1,319.09 

a  During  this  experiment  records  were  made  only  by  0-hour  periods. 

b  During  the  first  day  of  this  experiment  records  were  made  only  by  6-hour  periods. 
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Table  77. — Oxygen  consumed  by  subjects  in  3-hour  periods,  metabolism,  experiments 
Nos.  5(>-58  and  60-67 — Continued. 


Period. 


7  a.  ra.  to  10  a.  m. 
10  11.  m.  to  1  p.  m. 


Total,  6  hours. 


1  p.  ni.  to  4  p.  in . 
4  p.  ni.  to  7  p.  m. 


Total,  (i  liours. . 
Total.  12  hours. 


7  p.  in.  to  10  p.ni .... 
10  p.  m.  to  1  a.  Ill  

Total,  li  hours  . 

1  a.  III.  to  4  a.  Ill  

4  a.  III.  to  7  a.  Ill  


Total.  II  hours. . . 
Total,  12  hours. . 
Total,  24  hours. . 


Work  experiments — Continued. 

work 
experi- 
ment 
No.  64, 
with 
A.L.  L., 
fat  diet.o 

Experiment  No.  62,  with 
A.  L.  L.,  carbohydrate  diet. 

Experiment  No.  63,  with 
A.  L.  L.,  fat  diet. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Miiii- 
uHitn. 

Maxi- 
mum. 

Aver- 
age. 

Grams. 
267. 16 
253. 08 

Grams. 
284.58 
260.  41 

Grams. 
275. 24 
256. 01 

Grams. 
278. 06 
251. 84 

Grams. 
291.52 
265. 26 

Grams. 
285. 33 
259. 12 

Grams. 
338.31 
270. 66 

521.  71 

537. 66 

531. 25 

538.26 

551.  77 

544.  45 

608.  97 

256.  51 
240.  24 

276. 84 
257. 81 

264.  61 
250. 24 

278.60 
229. 17 

296.  34 
243. 05 

286.  45 
235. 06 

342. 67 
286.  37 

509. 17 

518.30 

514. 85 

513.  59 

529. 29 

521.  51 

629.  04 

1,040. 01 

1,051.47 

1,046. 10 

1,051.85 

1,073.42 

1,065.96 

1,238.01 

101  87 
75. 00 

120  .36 
92]  91 

111.  67 
84!  32 

116. 94 
84^87 

126.  35 
100.  36 

120.  68 
93. 11 

339. 03 
237. 26 

194.  78 

197. 84 

195.  99 

201.81 

220.  46 

213.  79 

576. 29 

68.00 
68.88 

76.  37 
76.06 

72. 19 
71.92 

75.32 
75.17 

85.12 
86.15 

80.17 
79. 10 

209.35 
82.  00 

1.36.  88 

152.  43 

144. 10 

155.  23 

161.  47 

159.  32 

291.35 

331.  66 

347.  79 

340. 10 

357. 04 

m.  73        .373. 12 

867. 64 

1,371.67 

1,399.26 

1,386.20 

1,408.89 

1,454.34 

1,439.08 

2,105.65 

"  One-day  oxperinioiit. 

The  data  for  the  rest  experhnents  indicate  that  the  consumption  of 
oxygen  varied  markedly  with  the  subject,  although  unfortunately  for 
such  deduction  the  term  "rest  experiment"  does  not  necessarily 
signify  uniform  muscular  activity  in  all  experiments  thus  designated ; 
in  fact  it  does  not  always  signify  uniform  muscular  activity  on  the 
different  days  of  each  experiment,  though  the  attempt  was  made  to 
secure  such  uniformity,  inasmuch  as  the  differences  in  oxygen  con- 
sumption and  other  factors  studied  depend  largely  on  the  muscular 
activity.  In  experiment  No.  58  the  variation  between  the  minimum 
and  maximum  consumption  is  relatively  large.  For  example,  for 
the  period  from  7  a.  m.  to  1  p.  m.  the  oxygen  consumption  varied 
from  121.70  to  157.23  grams  on  different  days.  This  is  probably 
w^iolly  accounted  for  by  the  fact  that  on  the  day  of  minimum  con- 
sumption the  subject  during  this  ])eriod  remained  in  bed  and  was 
very  quiet,  while  on  that  of  the  maximum  consumption  he  was  sitting 
up  and  writing.  That  the  maximum  is  more  nearly  in  accord  with 
the  conditions  for  the  other  experiments  is  seen  by  reference  to  the 
minimum  amounts  of  oxygen  consumed  by  the  remaining  subjects. 
As  has  been  repeatedly  pointed  out,  this  subject  was  unusually  quiet, 
much  more  so  than  in  any  ordinary  so-called  rest  experiment. 

As  is  to  be  expected,  the  bodily  activity  as  a  whole  was  much  more 
uniform  during  the  night  period  and  consequently  the  fluctuations 
in  the  oxygen  consumption  here  in  large  part  disappear.    The  total 
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oxygen  consumption  of  the  subject  in  experiment  No.  58  is,  however, 
very  small,  in  fact  much  smaller  than  in  any  experiment  thus  far 
made,  and  indeed  smaller  than  the  quantities  estimated  to  have  been 
consumed  in  any  of  the  earlier  experiments.  This  is  perfectly  in 
accord  with  the  observation  that  the  muscular  activity  of  this  subject 
was  very  much  less  than  in  any  previous  rest  experiment.  In  expe- 
riment No.  60,  the  amounts  of  oxygen  consumed  were  in  all  periods, 
save  during  the  night,  larger  than  in  No.  58,  but  the  disagreement 
between  the  minimum  and  maximum  is  not  as  great.  It  is  interest- 
ing to  note  that  during  the  night  periods,  the  oxygen  consvimption 
was  less  than  with  subject  H.  F.  This  is  in  all  probability  due  to 
the  fact  that  H.  F.  slept  during  so  much  of  the  day  that  he  was  unable 
to  sleep  so  soundly  during  the  night.  Unquestionably  the  subject 
of  experiment  No.  60-  secured  more  profound  sleep  than  did  PI.  F. 
In  fact,  the  subjective  impressions  recorded  by  the  two  subjects 
agree  wholly  with  this  assumption. 

The  quantities  of  oxygen  consumed  in  experiments  Nos.  65  and  67 
are  somewhat  greater  than  in  the  other  two  experiments,  but  these 
were  not  typical  rest  experiments,  since  on  the  two  days  of  experi- 
ment No.  67  the  subject  was  riding  the  bicycle  ergometer  without  any 
external  resistance,  for  eight  hours  a  day;  although  the  amount  of 
external  muscular  work  was  probably  not  very  large,  the  internal 
mixscular  work  was  imquestionably  somewhat  increased.  During 
the  night  periods,  in  which  the  body  activity  is  much  more  compara- 
ble in  all  experiments,  A.  L.  L.  consumed  more  oxygen  than  either 
of  the  other  two. 

The  influence  of  muscular  work  upon  oxygen  consumption  is  strik- 
ingly brought  out  in  the  results  of  the  work  experiments.  The  con- 
sumption of  oxygen  nvAj  rise  to  137  grams  per  hour  during  a  work 
experiment,  as  is  seen  in  the  period  from  10  a.  m.  to  1  p.  m.  of  experi- 
ment No.  57.  This  increased  consumption  of  oxygen  persists  as  long 
as  the  muscular  work  is  continued,  and  on  the  day  on  which  severe 
muscular  work  was  done  the  high  consumption  of  oxygen  continued 
well  into  the  night.  With  the  cessation  of  muscular  work  there  was 
a  very  rapid  fall  in  the  consumption  of  oxygen,  and  during  the  last 
period  of  the  night,  the  consumption  was  nearly  that  of  the  corre- 
sj^onding  periods  during  the  rest  experiment.  That  it  did  not  reach 
so  low  a  level  as  during  rest  experiments  ma}^  be  explained  b}^  the 
fact  that  probably  during  the  night  there  was  a  consumption  of  oxygen 
to  convert  fat  into  carboh^'^drates  which  had  been  drawn  upon  during 
the  period  of  muscular  work. 

The  large  increase  in  the  consumption  of  oxj^gen  in  experiment 
No.  64,  a  day  of  severe  work,  is  wholly  in  accord  with  the  fact  that 
the  muscular  work  demanded  it. 

The  effect  of  the  diet  upon  the  consumption  of  oxygen  is  seen  in 
the  ct)mparison  of  exj)eriments  Nos.  62  and  63,  the  oxygen  consump- 
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tion  on  the  fat  diet  being  slightly  greater  than  on  the  carbohydrate 
diet.  Experiments  Nos.  5G  and  57  were  also  with  different  diets, 
but  the  differences  in  muscular  activity  in  these  two  experiments 
would  prevent  any  direct  comparison  of  the  consumption  of  oxygen. 

HOURLY  CONSUMPTION  OF  OXYGEN 

The  rate  of  consum])tion  of  oxygen  per  hoiu'  and  the  proportions 
consumed  during  the  different  periods  of  the  day  are  given  in  Table  78. 


Table  78. — O.n/gcn  consumed  by  subjects — An  rmic  (iiiiointls  per  day  and  rates  and  pro- 
portions for  dill'ereni  jj(  riods. 


Subject  and  kind  of  experiment. 

Duration. 

Total  amount  in  24 
hours. 

Rates  per  hour. 

Proport  ions  of 
total  for  24  hours. 

Day 
periods. 

Night 
periods. 

Average  for  24  | 
hours. 

Day 
periods. 

Night 
periods. 

7  a.  m.  to 
1  p.  m. 

1  p.  m.  to 
7  p.m. 

7  p.  m.  to 
1  a.  m. 

1  a. in.  tc 

7  a.  ^ 

7  a.  m.  to 
1  p.  m. 

1  p.  m.  to 
7  p.  m. 

7  p.  m.  to 
1  a.  m. 

o 

p.(t. 

22.0 
18.1 

18.3 

liC'^t  cjrperiinehts. 

No.  5S,  II.  F., carljohydrate  diet. .  . 
No.  (10,  B.  F.  D., carbohydrate  diet. 
Nos.(i5-Ci7,  A.  L.  L.,  carbohydrate 
diet  

Average  of  rest  experiments. 

IFori-  experiments. 

No.  56,  .I.e.  W.,  carbohydrate  diet. 

No.  57,.T.r.  \V,,  fat  .Hot  

No.  61,  li.  F.  Ii  .carl.dhvdratediet. 
No.  62,  A.  L.  I,..eailinhvdratcdiet. 
No.  63,  A.  L.  L..  fat  diet  

Average    of   work  experi- 
ments  

No.  64,  A.  L.  L.,  severe  work,  fat 
diet  

Average  of  work  and  severe 
work  experiments  

Days. 
3 

3 

4 

Gms. 
555. 54 
628. 80 

756. 27 

■ 

Gms. 
24.14 
31.70 

37.  72 

Gms. 
24.58 
28.08 

35. 20 

Gms. 
23.  52 
25.  41 

30.11 

Gms. 
20.35 
19.00 

23.03 

Gms. 
23. 15 
26.20 

31.51 

P.et. 
26.1 
30.2 

29.9 

P.ct. 
26.5 
27.4 

37.9 

P.ct. 
25.  4 
24.3 

23.9 

10 

657. 81 

31.84 

30.06 

26.  72 

21.02 

27.42 

29.0 

27.4 

24.4 

19.2 

3 
•  3 
1 

I 

1,571.87 
l,.')7(i.  1.^ 
1,3111  (i:t 
l,3wi.  -'(1 
1,  439.  08 

102. 17 

in.-.,  n: 

1(111  II,; 

,S,S.  .'i-l 

90.  74 

99.  44 

9.'.  10 

l.,'i.  IS 
,S.'i,  ,sl 

so.  92 

35.  27 

09 

:;ii 

35.  63 

25. 10 
28.  76 
22.  44 
24.02 
26.55 

65.49 

65.  67 
54. 96 
57.  76 
59. 96 

39.0 
40.0 
45.8 
38.3 
37.8 

37.9 

36.2 
30.0 
37.2 
36.2 

13.5 
12.8 
13.9 
14. 1 
14.9 

9.6 
11.0 
10.3 
10?4 
11.1 

13 
1 

1,479.92 
2, 105.  65 

96.89 
101.  50 

89.  81 
104.  84 

34.00 
90.05 

25. 83 
48.  56 

61.66 
87. 74 

39.3 
28.9 

36.4 
29.9 

13.8 
27.4 

10.5 
13.8 

14 

1,524.62 

97.22 

90.88 

38. 43 

27.  45 

63.52 

38.3 

35.8 

15.1 

10.8 

During  the  rest  experiments  the  average  consumption  was  greatest 
on  the  first  period  of  the  dav,  from  7  a.  m.  to  1  p.  m.  There  was 
then  a  gradually  decreasing  consumption,  reaching  a  minimum  in 
the  period  from  1  a.  m.  to  7  a.  m.  The  average  rate  per  hour  for  twenty- 
four  hours  was  27.42  grams,  the  variation  for  the  four  periods  being 
about  4  grams  above  and  below  this  average.  The  gradually  dimin- 
ishing quantities  used  during  the  periods  of  the  day  affect  also  the 
percentage  distribution  through  the  day,  which  ranged  from  29  per 
cent  during  the  first  period,  from  7  a.  m.  to  1  p.  m.,  to  19.2  per  cent  in 
the  period  from  1  a.  m.  to  7  a.  m.  It  must  still  be  borne  in  mind  that 
since  even  these  rest  experiments  are  not  strictly  comparable  in  all 
conditions  of  muscular  activity,  these  percentage  figures  represent 
only  an  approximation. 

In  the  work  experiments  the  increased  demand  during  the  day 
resulted  in  a  very  large  hourly  consumption,  averaging  over  90  grams 
between  7  a.  m.  and  7  p.  in.,  but  the  rate  of  consumption  fell  alnK)st 
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immediately  with  the  cessation  of  work,  so  that  from  7  p.  m.  to  1  a.  m. 
it  averaged  34  grams,  and  during  the  last  period  of  the  night  it  was 
a  little  less  than  26  grams  per  hour.  The  percentage  distribution  is 
likewise  affected  by  the  increased  demand  during  the  day,  so  that 
the  average  proportion  of  the  total  consumption  during  the  first 
period  rose  to  39.3  per  cent  of  the  total,  but  during  the  last  period  of 
the  night  it  was  as  low  as  10.5  per  cent.  With  the  prolongation  of 
the  work  into  the  night,  as  was  the  case  in  experiment  No.  64,  there 
was  a  more  even  rate  per  hour  and  likewise  a  more  even  percentage 
distribution. 

The  significance  of  the  oxygen  consumption  is  greater  when  con- 
sidered in  connection  with  carbon  dioxid  production,  water  elimina- 
tion, and  heat  production.  These  relations,  together  with  others,  are 
discussed  in  detail  beyond. 

HEAT  ELIMINATION. 

Energy  is  expended  by  the  body  as  heat  and  as  muscular  work. 
In  these  experiments  the  muscular  work  performed  is  converted  intt) 
heat,  wliich  is  measured  by  the  calorimeter  along  with  the  heat 
eliminated  by  the  body  in  various  ways.  The  total  expenditure  of 
energy  by  the  body  is  therefore  expressed  in  terms  of  heat.  The 
elimination  during  three,  six,  twelve,  and  twenty-four  hour  periods  is 
given  in  detail  for  the  several  experiments  in  Table  1 1 7  of  the  Appendix 
and  summarized  in  Table  79. 

Table  79. —  Total  heat  eliminated  during  J-hour  periods,  metabolism  experiments 

Nos.  56-58  and  60-67. 


Rest  experiments. 


Period. 

Experiment  No.  58.  with 
H.    F.,  carbohydrate 
diet. 

Experiment  No.  60.- with 
B.  F.  D.,  carbohydrate 
diet. 

Experiments   Nos.  6.5-(i7 
with  A.  L.  L.,  carbohy- 
drate diet. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Calories. 

Calories. 

Calories. 

Calories. 
355.  39 
292.  56 

Calories. 
376.  58 
317.04 

Calories. 
366.  56 
304.  50 

Calories. 
337.  66 
295.  65 

Calorics. 
4.56.  20 
421. 08 

Calories. 
407.28 
366.  63 

10  a.  m.  to  1  p.  m... 

Total,  6  liours  

.392.  26 

fill.  13 

522.  36 

647.  95 

693.  62 

671. 05 

633.  31 

877. 28 

773.  91 

300.  99  !    310. 04 
293.00  317.29 

304.40 
302. 83 

293, 10 
336.  h2 

4.38. 23 
397.  .56 

35.5.  70 
364.11 

Total,  6  hours  

Total,  12  hours... 

7  p.  m.  to  10 p.  m... 
10  p.  m.  to  1  a.  m... 

Total,  6  houns  

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  12  hours... 
Total,  24  hours... 

423.96  .  543.81 

498.  41 

593.  99 

027.  33 

607. 23 

629.  62 

821.  98 

719.81 

936.07  1 1,138.  58 

1,020.77  1,241.94 

1,. 320. 95 

1,278.28 

1,202.  93 

1,699. 26 

1,493.72 

325. 11 
218.  74 

344.  97 
238.87 

336. 09 
229. 02 

303.  61 
246. 10 

337.  53 
343. 25 

318. 17 
284. 18 

4.34.47  482.23' 

460. 80      563.  71 

567. 64 

565.11 

555. 29 

680.78 

602.34 

- 

184.  72 
180.  55 

203.12 
204.  27 

194.  28 
190.  23 

235. 00 
215.  27 

261. 17 
253.  33 

245.  51 
233.  61 

479. 12 

400.8.3  442.98 

422.  40      365.  27 

407.39 

384.  51 

450.  27 

509.  56 

857.  87  [    908.  07 

883.20  928.98 

971.  37 

949.  62 

1,022.67 

1,190.34 

1,081.46 

1,819' 13  2,047.25 

1,903.96  |2,200.  93 

2,269.46 

2,227.90 

2,453. 27 

2,721.93 

2,575.18 
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Table  70. —  Total,  heat  cUminalcd  ihiriiuj  .i-hoiir  pcrioda.  incluhoUsm  experiments 
Nos.  56-58  and  00-67 — Continued. 


Period. 

Work  experiments. 

Experiment  No.  rM,  with 
J.  C.  W.,  fat  diet. 

Experiment  No    57,  with 
J.   C.  W.,  carbohydrate 
diet. 

Experi- 
ment No. 

61,  with 
B.  F.  D,, 
carbohy- 
drate diet. 

Mini- 
mum. 

mum. 

age. 

mum. 

mum. 

age. 

7  ji,.  TTi_  t.n  10  H  .  m  _  _  _   

Calories. 

Calories. 

Calories. 

Calories. 

Calories. 

Calories. 

Calories. 
902.50 
1,084. 51 

1(»  JI.  111.  to     1  I).  711  1  .  

Total,  G  hours  

1  p.  m.  to  4  p.  m  

1, 8.52. 53 

2,203.00 

2,019.  75 

1,964.40 

2, 486. 85 



2,225. 56 

1,987.01 

790.  39 
673. 16 

Total,  0  hours  

Total,  12  hours  

7  p.  m.  to  10  p.  m  

1,966.14 

.2,  Oil.. 51 

1,987. 77 

1, 649. 29 

2, 120. 07 

1,953.06 

1, 463. 55 

3,864.04 

4,169.14 

4,007.52 

4, 345.  .50 

4, 054. 23 

4, 178. 62 

3, 450. 56 

361. 05 
253. 61 

10  p.  m.  to  1  a.  m  

Total,  (i  hours  

726. 28 

777.86 

747. 11 

721. 04 

820.85 

768. 02 

614. 66 

261.68 
238. 13 

4  a.  m.  to  7  a.  ni  

Total,  6  hours  

Total,  12  hours  

Total,  24  hours  

527.09 

533.56 

529.51 

474. 71 

502. 64 

488.05 

499. 81 

1,259. 84 

1,305.73 

1,276.62 

1, 207. 85 

1,323.49 

1,256.07 

1,114.47 

5, 123. 88 

5, 433. 41 

5, 284. 13 

5, 343. 99 

5, 582. 38 

5, 434. 70 

4,565.03 

Period. 


Work  experiments — Continued. 

Severe 
work  ex- 
periment 

No.  64, 

•with 
A.  L.  L., 
fat  diet. 

Experiment  No.  62,  with 
A.    L.    L.,  carbohydrate 
diet. 

Experiment  No.  63,  with 
A.  L.  L.,  fat  diet. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Calories. 
879. 78 
932. 62 

Calories. 
931  U 
979. 94 

Calories. 
900.47 
955. 93 

Calories. 
859. 94 
931. 25 

Calories. 
976. 22 
977.  77 

Calories. 
925.  42 
951. 81 

Calories. 
1,047.53 
993.36 

1, 823. 14 

1,886. 34 

1,856.40 

1,791.19 

1,953.99 

1, 877.  23 

2,040.89 

852.  44 
824. 19 

944. 31 
927.80 

891. 50 
873. 69 

862.  .58 
809. 94 

960.  44 
842. 71 

913.  45 
831.78 

1,139. 04 
1,001.53 

1,721.  .51 

1,805.56 

1, 765. 19 

1, 672.  .52 

1,803.15 

1, 745. 22 

2, 140.  .57 
4, 181.  46 

3, 607.  85 

3, 028. 70 

3, 621.  .59 

3, 551. 19 

3, 689.  67 

3, 622.  45 

3.56.29 
308. 16 

m.  3.5 
331.06 

.371. 18 
318. 82 

364.82 
315. 03 

407. 26 
341.  40 

380.39 
331. 17 

1,121.. 56 
856.  98 

68.5. 16 

697. 51 

690. 01 

706. 19 

722. 29 

711.57 

1,978. 54 

257.  .50 
228. 75 

275.85 
250. 73 

266.  54 
243. 32 

275. 17 
259. 61 

292.23 
282. 08 

283.  .50 
272.  51 

682. 94 
293.  76 

486.25 

526.  .58 

509.86 

534. 78 

568. 07 

556. 01 

976. 70 

1, 173. 60 

1,224.09 

1, 199. 87 

1,257.07 

1, 274.  26 

1,267.58 

2,955. 24 

4,802.30 

4, 852. 31 

4, 821.  46 

4,822.58 

4, 946. 74 

4, 890. 03 

7, 136.  70 

7  a.  m.  to  10  a.  m. 
10  a.  m.  to  1  p.  m. 

Total,  6  hours.. 


1  p.  111.  to  4  p.  m . 
4  p.  m.  to  7  p.  m. 


Total,  6  hours. . 
Total,  12  hours. 


7  p.  in.  to  10  p.  ni . 
10  p.  m.  to  1  a.  m . 

Total,  (i  hours.. . 


1  a.  III.  to  4  a.  in. 
4  a.  in.  to  7  a.  in. 


Total,  K  hours.. 
Toliil.  12  hours. 
Total,  24  hours. 
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For  purposes  of  comparison  with  the  corresponding  oxygen,  car- 
bon dioxid,  and  water  determinations  on  previous  pages,  the  mini- 
mum, maximum,  and  average  heat  ehminations  are  given.  The 
wide  fluctuations  between  the  minimum  and  maximum  observed  in 
the  case  of  the  carbon  dioxid  and  oxygen  determinations  with  the 
subject  H.  F.  in  experiment  No.  58  are  paralleled  by  similar  fluctua- 
tions in  the  heat  elimination.  The  total  elimination  for  the  day 
ranged  from  1,819  to  2,047  calories,  or  an  average  of  1,903  calories. 
•  On  comparing  this  average  with  the  minimum  results  of  experiments 
Nos.  60  and  65-67,  it  is  seen  that  the  heat  production  of  this  subject 
was  much  less  than  of  either  of  the  others.  This  is  wholly  in  accord 
with  the  fact  that  his  muscular  activity  was  much  less.  During  the 
night  period  the  discrepancy  between  the  minimum  and  maximum 
is  not  so  great,  since  the  muscular  activity  was  more  nearly  alike  on 
all  three  days.  In  experiment  No.  60,  while  the  total  heat  elimina- 
tion was  greater  than  in  experiment  No.  58,  the  differences  between 
maximum  and  minimum  in  large  measure  disappear,  the  average 
heat  elimination  for  twenty-four  hours  being  2,227  calories,  and  the 
extremes  less  than  50  calories  greater  or  less.  In  the  series  of  experi- 
ments Nos.  65-67  there  was  a  still  greater  heat  elimination,  since  the 
muscular  activity  was  greater  on  these  days.  The  minimum  for  this 
series  of  experiments  more  nearly  corresponds  with  the  average  of 
experiment  No.  60.  The  wide  difl'erences  between  the  minimum  and 
maximum  here  observed  will  be  accounted  for  by  the  fact  that  on  the 
one  d'aj  of  experiment  No.  65  the  subject  was  lying  in  bed  asleep  for 
a  large  portion  of  the  day,  while  the  maximum  corresponds  to  a  sim- 
ilar period  in  experiment  No.  67,  when  he  was  awake  and  riding  the 
bicycle  ergometer  without  resistance. 

The  marked  increase  in  the  heat  elimination  as  a  result  of  muscu- 
lar work  is  shown  in  the  results  for  the  work  experiments.  In  these 
experiments  the  attempt  was  made  to  have  the  muscular  work  the 
same  on  all  the  days,  consequently  the  discrepancies  between  the  mini- 
mum and  maximum  practically  disappear.  Indeed,  in  some  of  the 
experiments,  notably  in  Nos.  62  and  63,  the  agreement  is  very  close. 
With  the  severe  muscular  work  in  experiment  No.  64  the  heat  elimi- 
nation rose  proportionally.  A  total  of  7,136  calories  was  eliminated 
on  this  day. 

HOURLY  KATE  OF  HEAT  ELIMINATION. 

The  hourly  rate  of  elimination  of  heat,  as  well  as  the  proportions 
during  the  twenty-four  hours,  are  given  in  Table  80. 
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Table  80. — Heat  given  ojf  by  body,  includirtg  for  work  experiments  the  heat  equivalent 
of  the  external  museular  tvork — Amounts  jwr  day ,  and  rates  and  proportions  for  different 
periods. 


Subject  and  kind  of  exijeriraent. 

* 

Du- 
ra- 
tion. 

Total 
amount 
in  24 
hours. 

Rates  per  hour. 

Proportion  of  total 
for  24  hours. 

Day 
periods. 

Night 
periods. 

Aver- 
age 
for 
24 

hours. 

Day 
periods. 

Night 
periods. 

a.  m. 

to  1 

p.m. 
to  7 

7 

p.m. 
to  1 

I 

a.m. 
to  7 

7 

a.  m 
to  1 

p.m. 

to  7 

p.  m. 
to  1 

P.ct. 
24.2 

25.4 

27.7 

22.5 

21.9 

I 

a.  m. 
to  7 

P.ct. 
22.2 

17.3 

20.8 

20.1 

16.9 

Rent  experiment.". 

H.  F.,  experiment  No.  58, carbohy- 
drate diet  

B.  F.  D.,  experiment  No.,60carbo- 
hydrate  diet  

A.  L.L.,exi)eriment  No.  ().5,carbo- 
hydrate  diet  

A.L.  L., experiment  No.  66,  carbo- 
livdrate  diet  

A  L  L  c\ peri  1116111  N^o  67  citrbo~ 
hydrate  diet  

Average  for  above  rest  ex- 
periments  

Work  experimenls. 

J.  C.  W.,  experiment  No.  .W,  fat 
diet: 

Ileat  equivalent  of  external 
muscular  work  

Days. 
3 

3 

1 

1 

2 

Cats. 
1,904.0 

2,227.9 

2,4.53.3 

2,470.5 

2,688.5 

Cals. 
87.1 

111.8 

105.6 

125. 1 

142.7 

Cals. 
83.1 

101.2 

104.9 

111.2 

131.8 

Cals. 
76.8 

94.2 

113.5 

92.5 

97.8 

Cals. 
70.4 

64.1 

84.9 

82.9 

75.8 

Cals. 
79.3 

92.8 

102.  2 

102.9 

112.0 

P.ct. 
27.4 

30.1 

25.8 

30.4 

31.8 

P.ct. 
26.2 

27.2 

25.7 

27.0 

29.4 

10 

2, 269. 7 

111.3 

103.3 

91.5 

72.3 

94.6 

29.4 

27.3 

24.2 

19.1 

3 
3 
1 
3 
3 
1 

14 

.569. 3 
5, 284. 1 

602.3 
5, 434. 7 

419.0 
4,565.0 

459.0 
4,821.5 

459.3 
4,890.0 

957.0 
7, 136.7 

546.1 
5, 213. 8 

48.0 
336.6 

54.6 
370.9 

46.3 
331.2 

1Q  O 

Oo.  y 
309.4 

40.7 
312.9 

50.5 
340.1 

46.0 
333.0 

46  q 

50.6 
38.2 

54.4 
41.0 

66.3 
43.5 

50  8 
38^5 

53.1 
38.4 

31.6 
28.6 

49.4 
37.6 

Total  heat  eliminated  

J.  C.  W.,  experimentNo.57,carbo- 
hydrate  diet: 

Mp'it   Pfi  1 1  i vn  1  pn t"   of  pvfpmnl 

muscular  work  

331.3 

45.8 
325.5 

23.5 
243.9 

o/.  D 

294.2 

3.5.9 
290.9 

'51.0 
356.8 

40.9 
309.0 

124.5 

88.3 

220.2 

14.2 

10. 0 

Total  heat  eliminated  

B.  F.D.,  experiment  No.  61, carbo- 
hydrate diet: 

T-T(»Q't'  pni  1  i Til  Ion  t  r\t  o'v+'ottiqI 

muscular  work  

128.0 

81.3 

226.4 

35.9 

33.7 
32.1 

49  2 
.36!  6 

46.9 
35.7 

32.0 
30.0 

14.1 

9.  0 

Total  heat  eliminated  

A.  L.  L., experiment  No. 62, carbo- 
hydrate diet: 
Heat  equivalent  of  external 
muscular  work  

102.4 

83.3 

190.2 

13.5 

10.9 

Total  heat  eliminated  

A.  L.  L.,  experiment  No.  63,  fat 
diet: 

Heat  equivalent  of  external 
muscular  work  

115.0 

'ii8.'6 

44.2 
329.8 

85. 0 

"92.'7 

13.8 
162.8 

200.9 

"  263.8 

39.9 
297.4 

14.3 

10.6 

Total  heat  eliminated  

A.  L.  L.,  experiment  No.  64,  fat 
diet: 

Heat  equivalent  of  external 

muscular  work  

Total  heat  eliminated  

Average  tor  above  work  experi- 
ments: 

Heat  equivalent  of  external 
muscular  work  

14.6 

27.7 
27.7 

11.. 3^ 

8.7 
13.7 

Heat  eliminated  

135.0 

■  92.0 

217. 2 

38.3 

35.6 

15.5 

10.6 

The  data  here  o;iven  show  that  in  all  the  rest  experiments  the  heat 
elimination  was  greatest  during  those  periods  in  which  the  subject  was 
awake  and  least  during  the  sleeping  periods.  A  comparison  between 
the  subject  H.  F.  and  the  others  shows  strikingly  the  diminished  heat 
elimination  of  this  subject  during  the  two  day  periods.  As  for  the 
niglit  periods,  from  1  a.  m.  to  7  a.  m.  the  average  per  hour  was  some- 
what greater  than  in  experiment  No.  60,  but  the  average  for  the 
twenty-four  hours  was  over  13  calories  less  than  for  any  other  rest 
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experiment.  The  increased  heat  production  in  experiment  No.  67  is 
accounted  for  by  the  fact  that  the  subject  was  engaged  in  hght  exercise 
and  not  in  complete  rest.  The  proportion  of  the  total  heat  elimina- 
tion during  ithe  different  periods  of  the  day  corresponds  with  the  rate 
per  hour.  In  the  average  for  the  rest  experiments,  29.4  per  cent  of 
the  heat  was  eliminated  during  the  period  from  7  a.  m.  to  1  p.  m.,  with 
a  gradually  diminishing  rate  through  the  da}^;  tlffe  minimum,  19.1  per 
cent,  was  during  the  period  from  1  a.  m.  to  7  a.  m. 

HEAT  EQUIVALENT  OF  EXTERNAL  MUSCULAR  WORK. 

Detailed  data  regarding  the  heat  equivalent  of  the  external  muscu- 
lar work  done  by  the  subjects  on  the  bicycle  ergometer  are  given  in 
Table  120  of  the  Appendix.  The  average  results  per  day  are  included 
with  the  data  for  the  work  experiments  in  Table  80.  In  experiment  No. 
56,  for  example,  the  total  heat  eliminated  per  day  amounted  to  5,284.1 
calories,  of  which  569.3  calories  was  the  equivalent  of  the  external 
muscular  work  done.  Since  the  work  was  all  done  in  the  day  periods, 
i.  e.,  from  7  a.  m.  to  7  p.  m.,  the  large  proportion  of  the  increased  heat 
elimination  appears  during  these  periods.  This  is  likewise  true  for  all 
the  work  experiments,  save  that  of  experiment  No.  64,  where  the 
working  period  was  extended  to  cover  parts  of  each  of  the  four  6-hour 
periods.  The  heat  elimination  during  the  period  from  1  a.  m.  to  7  a.m. 
in  all  the  work  experiments  was  but  slightly  greater  than  that  during 
the  corresponding  rest  experiments.  The  percentage  distribution  of 
the  heat  is  much  more  uneven,  owing  to  the  increased  elimination 
during  the  day  periods,  and  from  1  a.  m.  to  7  a.  m.  as  low  as  9  i^er  cent 
of  the  total  heat  was  eliminated.  The  heat  of  external  muscular  work 
shows  that  in  general  a  little  more  than  half  of  the  work  was  performed 
during  the  morning  period,  from  7  a.  m.  to  1  p.  m. ;  but  in  experiment 
No.  61  two-thirds  of  the  day's  allotment  was  done  during  the  morning 
periods.  In  experiment  No.  64,  with  the  severe  muscular  work,  the 
distribution  of  the  work  was  fairly  even  throughout  all  the  periods 
except  the  last  one,  i.  e.,  from  1  a.  m.  to  7  a.  m.  As  has  been  fre- 
quently observed  in  experiments  of  this  nature,  the  subjects  did  not 
seem  to  sleep  as  well  after  a  day  of  work  as  after  a  day  of  rest.  This 
doubtless  explains  the  larger  heat  production  during  the  period  from 
1  a.  m.  to  7  a.  m.  after  work  as  compared  with  the  same  period  during 
rest. 

ENERGY  ELIMINATED  IN  DIFFERENT  WAYS. 

Energy  produced  by  the  body  leaves  it  in  four  ways — as  heat  elimi- 
nated by  radiation  and  conduction,  as  sensible  heat  of  excreta,  as  heat 
latent  in  the  water  vaporized  from  lungs  and  skin,  and  as  external 
muscular  work.  The  sensible  heat  of  urine  and  feces  is  the  j^roduct  of 
the  difference  between  body  temperature  (37°)  and  the  temperature 
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of  the  calorimeter  (20°),  the  specific  heat  of  these  materials  (urine 
1.0,  feces  0.9)  and  their  amoimt.  The  heat  in  the  water  vaporized 
from  the  lun<?s  and  skin  is  found  from  the  amount  of  water  thus  vapor- 
ized and  the  latent  heat  of  water  vapor,  namely,  0.592  calorie  per 
gram.  The  heat  equivalent  of  external  muscular  work  is  computed 
from  the  number  of  revolutions  of  the  bicycle  ergometer  and  its  cali- 
bration factor.  The  sum  of  the  three  quantities  of  heat  thus  ascer- 
tained subtracted  from  the  total  amount  eliminated  gives  the  quan- 
tity given  off  by  radiation  and  conduction.  The  different  quantities 
of  energy  thus  eliminated  and  the  proportion  of  the  total  that  each 
comprises  are  given  for  all  the  experiments  in  Table  81. 

Table  81.. — Enen/y  (jiven  ojf  by  the  body  in  (li.Jfcrcnt  ways — Amounts  per  day  and  pro- 
portions of  total  eliviinated  in  different  ways. 


Subject  anil  kind  of  pxperi- 
ment. 


Quantities  of  energy  per  day. 


Heat  eliminated. 


03  C 

«  2 


o  ^ 

>  m 
u  bp 


o  ^ 

t  g 

OS  C 


Energy  expressed  in  pro- 
portions of  total. 


Heat  eliminated. 


03  a 
«  2 

OS 


CO 

OS  OS 
>  w 

c 


03  0 

w 


p.  (7. 


Rest  experiments. 

Experiment  No.  58,  with  H.  F., 

carljohydrate  diet  

Maximum  

Minimum  

.\veragc  

Experiment  No.  (10,  with  B.  F. 

D.,  carbohydrate  diet  

Maxin\um  

Minimum  

.\  vcrage  

Experiment  No.      with  A.  L. 

L.,  carliohydrate  diet  

Experiment  No.  66,  with  A.  L. 

I/.,  f'arl)ohydrate  diet  

Experiment  No.  07,  with  A.  L. 

Tj.,  carbohydrate  diet  

Maximiun  

Minimum  

Average  


Rest  experiments. 

Maximum  

Minimum  

Average  


Work  experiments. 

Experiment  No.  56  with  .T.  C. 

W.,  fat  diet  

Maximum  

Minimum  

Average  

Experiment  No.  .57.  with  J.  C. 

W.,  carbohydrate  diet  

Maximum  

Minimum  

Average  

Experiment  No.  61,  with  B.  F. 
D.,  carbohydrate  diet  


Cats. 


Call. 


Cals. 


Cats. 


Cals. 


P.  ct. 


P.  cl. 


p.  ct. 


1,555 
1 .  .347 
1,471 


491 
300 
425 


2,047 
1,819 
1,904 


77.3 


22.3 


1,593 
2, 021 
1,740 

1,704 

1.824 


051 
101 
400 

729 

628 


2,269 
2,201 
2,228 

2,453 

2,471 


78.  4 
69.5 
73.8 


1.0 
.8 
.8 


20.6 
29.7 
25.4 


2, 158 
2.008 
2,113 


507 
540 
554 


2, 722 
2!  055 
2,089 


78.0 


20.6 


2,168 
1,.347 
1,741 


729 
161 
512 


2,722 
1.819 
2,270 


76.7 


22.5 


4.011 

3,829 
3,933 


801 
737 
7.59 


001 

rm 


5, 4:i:! 
5.284 


4,151 
3,857 
3,968 

3.317 


900 
752 
844 

812 


657 
503 
602 

419 


5,582 
5,344 
5,  435 

4, 505 


74.4 


73. 0  .4 
72.7  1  .4 


10.8 


15.5  11.1 
17.8  I  9.2 
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Table  81. — Energy  given  off  by  the  body  in  different  ways — Amounts  per  day  and  pro- 
portions of  total  eliminated  in  different  ways — Continued. 


Subject  and  kind  of  experi- 
ment. 

Days  covered  by  experiments. 

Quantities  of  energy  per  day. 

Energy  expressed  in  pro- 
portions of  total. 

Heat  eliminated. 

o 

Heat  eliminated. 

By  radiation  and  conduc- 
tion. 

In  urine  and  feces. 

In  water  vaporized  from 
lungs  and  skin. 

Heat  equivalent  of  exter- 
nal muscular  work. 

B  y  radiation  and  conduc- 
tion. " 

In  urine  and  feces. 

In  water  vaporized  from 
lungs  and  skin. 

Heat  equivalent  of  exter- 
nal muscular  work. 

Work  experiments — Continued. 
Experiment  No.  62,  with  A.  I>. 

3 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

P.ct. 

P.  ct. 

P.ct. 

P.ct. 

Maximum  

3,676 
3, 565 
3,606 

15 
12 
13 

766 
701 
744 

460 
458 
459 

4,852 
4,802 
4,821 

Minimum  

AAorape 
Experiment  No.  63,  with  A.  L. 
L.,  fat  diet 

3 

74.8 

.3 

15.4 

9.5 

Maximum  

3,683 
3,557 
3,623 

5,278 

33 
18 
28 

21 

786 
775 
780 

881 

460 
458 
459 

957 

4,947 

Minimum  

Average  

Experiment  No.  64,  with  A.  L. 
L.,  fat  diet  

Work  experiments  

1 

4,8(10 
7,137 

74.1 
74.0 

.6 
.3 

16.0 
12.3 

9.4 
1.3.4 

14 

Maximum  

4, 151 
3,317 
3,856 

33 
12 
21 

900 
701 
791 

957 
419 
546 

7,137 
4,565 
5,214 

Minimum  

Average  

74.0 

.4 

15.2 

10.4 

During  the  rest  experiments  the  heat  eUminated  by  radiation  and 
conduction  varied  somewhat  with  the  subject.  It  should  here  also  be 
borne  in  mind  that  experiment  No.  67  would  more  properly  be  desig- 
nated light  exercise  rather  than  rest.  The  sensible  heat  escaping  in 
the  urine  and  feces  was  practically  the  same  in  all  the  rest  experiments 
save  that  with  H.  F.,  in  which,  because  of  the  small  amount  voided, 
it  was  only  about  one-third  of  the  others.  In  the  water  vaporized 
from  the  lungs  and  skin  the  variations  ranged  from  161  calories  in 
experiment  No.  60  to  729  calories  in  experiment  No.  65.  As  has  been 
previously  stated,  experiment  No.  60  can  hardly  be  used  for  compari- 
son, owing  to  the  abnormal  ventilation  conditions.  With  regard  to 
the  percentage  distribution,  approximately  76.7  per  cent  of  the  energy 
was  eliminated  by  radiation  and  conduction,  less  than  1  per  cent  in 
the  sensible  heat  of  urine  and  feces,  and  22.5  per  cent  in  the  water 
vaporized  from  the  lungs  and  skin. 

In  the  work  experiments  the  greatest  increase  in  the  heat  elimina- 
tion is  in  that  of  radiation  and  conduction.  The  sensible  heat  of 
urine  and  feces  remained  practically  that  of  the  rest  experiments. 
There  was  an  increase  in  the  amount  of  heat  absorbed  by  the  vapori- 
zation of  water  from  the  lungs  and  skin,  but  not  at  all  in  proportion 
to  the  total  increase  in  heat.  The  heat  equivalent  of  external  mus- 
cular work  varied  from  419  to  957  calories,  the  largest  amount,  of 
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course,  being  on  the  day  with  severe  muscular  work.  In  regard  to 
the  percentage  distribution,  here,  again,  about  75  per  cent  was  eHmi- 
nated  by  radiation  and  conduction  and  less  than  1  per  cent  in  the 
sensible  heat  of  urine  and  feces;  about  15  per  cent  was  given  off  in 
the  water  vaporized  from  the  lungs  and  skin  and  10.4  per  cent  in  the 
heat  equivalent  of  external  muscular  work. 

COMPARISON  OF  PERCENTAGES  OF  CARBON  DIOXID,  WATER, 
AND  HEAT  ELIMINATED,  AND  OXYGEN  ABSORBED  DURING 
DIFFERENT  PERIODS  OF  THE  DAY. 

It  is  of  importance  to  note  not  only  how  much  carbon  dioxid, 
water,  and  heat  result  from  metabolism  during  a  given  day  and  how 
much  oxygen  is  absorbed,  but  also  the  relationships  between  these 
factors.  This  can  be  studied  in  a  number  of  ways,  one  of  which  is 
based  upon  the  comparison  of  the  proportions  of  the  total  daily 
amounts  of  each  of  the  factors  which  are  measured  during  the  differ- 
ent periods  of  the  day.  These  data  are  summarized  from  the  preced- 
ing tables  for  comparison  in  Table  82. 

Table  82. — Proportions,  by  periods,  of  the  total  daily  amoxints  of  carhon  dioxid,  water, 
and  heat  eliminated,  and  oxygen  absorbed. 


Rest  experiments. 


Period. 

Experiment    No.  58, 
with  H.  F.,  carbohy- 
drate diet. 

Experiment    No.  60, 
with  B.  F.  D.,  carbo- 
hydrate diet. 

Experiments  Nos.  65-67, 
with  A.  L.  L.,  carbo- 
hydrate diet. 

Carbon 
dioxid. 

d 

V 

!U> 
>, 
X 
O 

w 

S.2 

O'O 

a 

<a 
Ul 

« 
O 

oi 
W 

i§ 

O'O 

hi 

V 

d 

tm 
>> 

X 

O 

w 

7  a.  m.  to  10  a.  m  

P.ct. 

P.ct. 

P.ct. 

p.ct. 

P.ct. 
15.82 

p.ct. 
14.13 
12.21 

P.  ct. 
17.07 
13. 18 

P.  CI. 
IG.  4.'i 

P.ct. 

l.l.  43 

P.ct. 

1.3.  44 

P.  ct. 

16.22 

p.ct. 

l.'i.SI 

i:<  (17      .';n'  is  7»\  T-t  mi  m  od 

Total,  6  hours  

 1  —  .-|  

24. 13 

24.00 

26.07 

27.43 

29.34 

26.34 

30.25 

14.29 
1.3. 08 

30.12 

28.93 

26. 22 

29.92  30.05 

14. 07 
13. 75 

13.  43 
13.81 

13.  66 

14.81 

12.  .'il   14.72'  1.3  81 

4  p.  m.  to  7  p.  m  

1.3.  (iO  13.67 

12.  22 

13.  20|  14.13 

Total,  6  hours  

Total.  12  hours  

7  p.  in.  to  10  p.  m  

27.26 

28.95 

23.90 

26.55 

26. 18 

27.82 

27. 24 

27.37 

28.48 

24.  73 

27.92 

27. 94 

53.08 

47.90 

52.62 

53.61 

57. 16 

53.58 

57.62 

57.39 

57.41 

50.  &6 

12.35 
12.99 

57.84 

12.67 
11.22 

57.99 

15.61 
10.17 

13.02 
12. 18 

15.43 
8.82 

15.08 
10.29 

12. 84 
12.39 

12.35 
11.04 

10  p.  m.  to  1  a.  m  

1  a.  m.  to  4  a.  m   

25.07 

26.50 

25.40 

24.20 

25.78 

25.20 

24.25 

25.37 

25.23 

25.34 

23.89 

23.39 

8.25 
8.81 

10.00 
10.  62 

8.63 
9.50 

8.71 
8.55 

8.74 
8.62 

12  4.';:    9  69 

9.54 
9.08 

4  a.  m.  to  7  a.  m  

11.25 

8.58 

Total,  6  hours  

Total,  12  hours  

Total,  24  hours  

21.25 

25.60 

21.98 

22.19 

17.06 

21.22 

18.13 

17. 26 

17.36 

23. 70 

18.27 

18.62 

40.92 

52.10 

47.38 

46.39 

42.84 

46.42 

42.38 

42.61 

42.59 

49.04 

42. 16 

42. 01 

100.00 

100.00100  00 

1 

100.00 

100.00 

100.00 

100.00 

100, 00  100. 00  100. 00  100. 00 

1         1  1 

100.00 
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Table  82. — Proportions,  by  periods,  of  the  total  daily  amounts  of  carbon  dioxia,  water, 
and  heat  eliminated,  and  oxygen  absorbed — Continued. 


Period. 

Work  experiments. 

Experiment    No.  56, 
with  J.  C.  W.,  fat 
diet. 

Experiment    No.  57, 
with  J.  C.  W.,  carbo- 
hydrate diet. 

Experiment     No.  61, 
with  B.  r.  D.,  carbo- 
hydrate diet. 

Carbon 
dioxid. 

u 
o 
+J 
C3 

d 

bo 
>> 
« 
O 

<i> 
H 

■s « 

d 
C 

,  Carbon 
dioxid. 

+j 
a 

• 

a 
© 

>> 

X 

o 

w 

7  a.  m.  to  If)  a.  m  

/■.  ct. 

p.  ct. 

P.  Ct. 

P  ct 

P.  ct. 
18. 84 
22  34 

P.  ct. 
21.18 

P.  Ct- 

17.62 

22  38 

r.  Ct. 

P.  ct. 
22.  73 
24. 79 

P.  ct. 
18. 96 
19  41 

P.  ct. 

20.  35 

*iO.  OU 

p.  ct. 
19. 77 

9^  7A 

10  a.  m.  to  1  D.  ni   



Total,  6  liours  

1  p.  m.  to  4  p.  in  

39.08 

39.02 

39.00 

38. 22 

41.18 

44.27 

40.00 

40. 95 

47.52 

38.37 

45. 85 

43.53 

18. 27 
17  61 

18.36 

18. 93 
1 7  Qn 

1/  .  OU 

16.  72 
13. 20 

19. 70 
ly.  .iy 

16.  81 

17. 31 

1  A  7£i 

4  p.  m.  to  7  p.  m  

Total,  6  hours  

Total,  12  hours  

7  p.  m.  to  10  p.  m  

38. 20 

41.72 

37. 95 

Z5. 88 

37.  41 

36. 23 

35. 94 

29.92 

38-  99 

30. 02 

32. 06 

77.28 

80. 74 

76. 95 

75.84 

77.  Ofi 

81.68 

70. 23 

76.89 

77.44 

77.  36 

75.87 

75.59 

8.  26 
5. 97 

4.89 
4.66 

7.28 
5. 54 

7. 37 
5. 61 

6.20 
5. 73 

8. 17 

5.68 

7.92 
5.55 

10  p.  m.  to  1  a.  m  

Total,  6  hours  

1  a.  ni.  to  4  a.  m  

13.43 

9.88 

13.47 

14.14 

14.23 

9. 55 

12.82 

14.13 

12.98 

11. 93 

13.85 

13.47 

4. 29 
4.  44 

4.  40 
4.  37 

6.69 
4.26 

5.16 
4.42 

5.56 
5. 15 

5.52 
4.76 

5.73 
5.21 

4  a.  m.  to  7  a.  m  

Total,  6  hours  

Total,  12  hours  

Total,  24  hours  

9. 29 

9.38 

9.58 

10.02 

8. 73 

8. 77 

10. 95 

8.98 

9.58 

10. 71 

10.28 

10.94 

22. 72 

19. 26 

23.  05 

24. 16 

22.94 

18. 32 

23. 77 

23.11 

22.56 

22.  64 

24.13 

24.41 

100. 00 

100.  OOjlOO.OO 

100. 00 

100.00 

100. 00 

100. 00 

100. 00 

100. 00 

100. 00 

100.00 

100.00 

Period. 


Work  experiments — Continued. 


Experiment  No.  62, 
with  A.  L.  L.,  carbo- 
hydrate diet. 


Experiment  No.  63, 
with  A.  L.  L.,  fat 
diet. 


§2 


Experiment  No.  64, 
with  A.  L.  L.,  fat  diet. 
Severe  work. 


€  X 
S.2 

CO 


to 
>. 

O 


7  a.  m.  to  10  a.  m. . 
10  a.  m.  to  1  p.  m. . 


P.ct. 
19. 73 
18.97, 


P.  ct 
20.60 
20.  53 


P.  ct 
19.85 
18.47 


P.ct. 
18. 67 
19.83 


P.  ct. 
20. 12 
18. 73 


P.ct. 
20.81 
20.69 


P.  ct 
19.82 
18. 01 


P.ct. 
18.92 
19.  47 


P.  ct. 
15.72 
13. 00 


Total,  6  hours. 


38.70  41.13 


38.32 


38.50 


38. 85 


41.50 


37.83 


38.39 


28. 72 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


19. 09 
18.17 


Total,  6  hours. . 
Total,  12  hours. 


37. 26 


75.96 


20.  37 
20.66 


19. 09 
18. 05 


18.49 
18. 12 


19.85 
16.  43 


20.87 
20. 83 


19. 92 
16.32 


18.67 
17.02 


16. 73 
14.  35 


41.03 


37.14 


36.  61 


36.28 


41.70 


36.24 


35.69 


31.08 


82. 16 


75. 46 


75.11 


75. 13 


83.20 


74.07 


74.08 


7  p.  m.  to  10  p.  m. 
10  p.  m.  to  1  a.  m. 


7. 88  4. 29 
6.15  4.79 


Total,  6  hours. 


14. 03 


1  a.  ra.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours. . 

Total,  12  hours. 

Total,  24  hours. 


5.12 
4. 89 


10.01 


24.04  17 


8. 06 
6.08 


7. 70 
6.  61 


7.79 
6,74 


4.23 
4.42 


8.39 
6.47 


7. 78 
6. 77 


16.39 
10.65 


9.08 


14.14 


14.31 


14.53 


8.65 


14.86 


14.55 


27.  04 


4.39 
4.37 


5.21 
5. 19 


5. 53 
5. 05 


5.05 
5.29 


3. 97 
4.18 


5.57 
5.50 


5.80 
5.57 


9.53 
3. 63 


10.40 


10.58 


10.34 


24.  54 


24.89 


24. 87 


lOO.OOjlOO.  00 


100. 00 


100. 00 


100.00 


8.15 
16.80 
100. 00 


11.07 
25. 93 
100.00 


11.37 


25.92 
100. 00 


13. 16 
40.20 
100.00 


P.  ct 
13.98 
13. 74 


P.ct. 
16.07 
12.86 


P.ct. 
14.68 
13.91 


27.  72 


28.93 


28.59 


13.  95 
13. 75 


16.27 
13. 60 


29.87 


15.97 
14  03 


30. 00 


55.42 


58.80 


58.59 


14. 12 
13. 91 


16.10 
11.27 


15.  71 
12. 01 


28. 03 


27.37 


27.72 


13.  75 

2. 


9. 94 
3.90 


9.57 
4.12 


16.55 
44.58 
100.00 


13. 84 
41.20 
100.00 


13.69 
41.41 


100.00 


In  general,  the  proportions  of  carbon  dioxid,  oxygen,  and  heat  dur- 
ing the  different  periods  agree  fairly  well  with  each  other,  while  that 
of  water  fre([iiently  differs  considerably  from  any  of  them.  In  com- 
paring the  carbon  dioxid  output  and  oxygen  intake  witli  the  heat 
output,  it  is  seen  tliat  on  the  whole  the  closer  agreement  lies  between 
the  oxygen  and  heat,  and  indeed  in  general  the  proportions  of  oxygen 
absorbed  during  a  given  period  are  very  close  to  those  of  the  heat 
eliminated.  In  the  rest  experiments  al)out  29.5  per  cent  of  the  total 
oxygen  intake  and  carbon  dioxid  and  heat  output  is  found  during  the 
first  ])eriod — from  7  a",  m.  to  1  p.  m.  During  the  next  6-hour  ])eriod 
the  proportjon  is  somewhat  lower,  averaging  about  27.6  per  cent, 
while  during  the  night  periods  the  percentage  falls,  for  the  first  one  to 
24. S  per  cent  and  for  the  last  one  to  18.1.  Of  the  total  energy  and 
carbon  dioxid  out])ut  and  oxygen  intake,  about  56  per  cent  corre- 
.sponds  to  tiie  day  ])eriod — from  7  a.  m.  to  7  p.  m. — and  44  per  cent  to 
the  night  period.  In  work  experiments  the  proportions  are,  as  was 
shown  in  the  previous  discussions,  considerably  altered,  depending  in 
large  measure  upon  the  hour  in  which  the  work  was  done.  In  all  the 
work  experiments  here  reported,  except  No.  64,  about  75  per  cent  of 
the  total  carbon  dioxid  and  heat  output  and  oxygen  intake  corresponds 
to  the  day  period — from  7  a.  m.  to  7  p.  m. — whicii  includes  the  work- 
ing hours,  the  remaining  25  per  cent  being  given  off  during  the  night 
j:)eriod.  When  the  work  was  extended  over  a  g<)od  share  of  the  night 
as  well  as  the  day,  the  jjroportions  were  altered  so  that  only  about  59 
per  cent  of  tlie  tran.sforniations  took  place  during  the  da}^  and  41  per 
cent  during  tlie  night  period. 

POSSIBILITY  OF  STORAGE  OF  OXYGEN. 

Throughout  this  bulletin  the  discussion  of  the  consumj)tion  of 
oxygen  has  had  reference  to  the  ([uantity  which  the  subject  actually 
obtained  from  the  ventilating  air  current,  without  regard  to  what  use 
was  made  of  it  in  the  body.  It  is  believed  that  there  may  be,  under 
certain  conditions,  a  noticeable  storage  of  oxygen  in  the  tissues,  and 
some  oxygen  is  utilized,  of  course,  when  fat  is  converted  into  carbo- 
hydrates. But  the  results  of  the  experiments  here  reported  show 
that,  in  general,  when  difTerences  in  the  character  of  the  diet  are  taken 
into  consideration,  the  consumption  of  oxygen  is  very  closely  parallel 
to  the  elimination  of  carbon  dioxid,  and  there  is  no  evidence  of  a 
marked  storage  or  retention  of  oxygen  in  the  tissues  or  of  any  exten- 
sive formation  of  glycogen  from  fat.  It  would  therefore  seem  prob- 
able that  the  fluctuations  in  oxygen  consumption  are  proportional  to 
the  carl)on  dioxid  elimination  and  subject  to  the  same  variations. 


184 


ELIMINATION  OF  CARBON  DIOXID  AND  WATER  AND  INTAKE  OF  OXYGEN 
PER  KILOGRAM  OF  BODY  WEIGHT. 

Since  it  is  commonly  believed  that  the  total  metabolism  is  in  large 
measure  dependent  upon  the  body  weight  of  the  subject,  it  is  inter- 
esting to  compute  the  quantities  of  carbon  dioxid  and  water  elimi- 
nated and  of  oxygen  absorbed  per  kilogram  of  body  weight.  To  make 
the  comparison  still  more  complete,  the  rates  for  the  different  periods 
of  the  day  and  for  the  twenty-four  hours  should  likewise  be  computed. 
These  data  for  the  experiments  here  rej^orted  are  given  in  Table  83. 


Table  83. — Hourly  rates  of  dinnination  of  carbon  dioxid  and  water  and  intake  of  oxygen 
per  kilogram  of  body  weight — Raies  in  different  periods  and  for  twenty-four  hours. 


Kind  and  su'iject  oi  experiment. 

Aver- 
age 
body 
weight. 

Dura- 
tion. 

Amounts  eliminated  per  hour  per 
kilogram  of  body  weight. 

Day  periods. 

Nighl  periods. 

Aver- 
age 
for  24 
hours. 

7  a.  m. 

to 
1  p.  m. 

1  p.  m. 

to 
7  p.  m. 

7  p.  m. 

to 
1  a.  m. 

1  a.  m. 

to 
7  a.  m. 

Carbon  Dioxid. 

Rest  experiments. 

No.  58,  with  H.  F.,  carbohydrate  diet  

No.  60,  with  B.  F.  D.,  carbohydrate  diet  

Nos.  65-67,  with  A.  L.  I.., carbohydrate  diet.. 

Average,  Nos.  -58,  60,  65-67  

Work  experiments. 

No.  56,  with  .1.  C.  W.,  fat  diet  

No.  57,  with  J.  C.  W.,  carbohydrate  diet  

No.  61,  with  B.  F.  D.,  carbohydrate  diet  

No.  62,  with  A.  L.  L.,  carbohydrate  diet  

No.  63,  with  A.  L.  L.,  fat  diet  

Average,  Nos.  56,  57,  61,  62,  63  

No.  64,  with  A.  L.  I,.,  fat  diet,  severe  work.. . 

Average,  Nos.  56,  57,  61,  62,  63,  64  

Average,  all  experiments  

Water. 

Rest  experiments. 

No.  58,  with  H.  F.,  carbohydrate  diet  

No.  60,  with  B.  F,  D.,  carbohydrate  diet  

Nos.  65-67,  with  A.  L.  L.,  carbohydrate  diet . 

Average,  Nos.  .58,  60,  65-67  

Work  experiments. 

No.  56,  with  J.  0.  W  ,  fat  diet  

No.  57,  with  J,  C.  \V  ,  carbohydrate  diet  

No.  61,  with  B.  F.  D.,  carbohydrate  diet  

No.  62,  with  A.  I,,  L.,  carbohydrate  diet  

No.  63,  with  A.  L.  L.,  fat  diet  

Average,  Nos.  56,  57,  61,  62,  63  

No.  64,  with  A.  L.  L.,  fat  diet,  severe  worlc.. . 

Average,  Nos.  56,  57,  61,  62,  63,  64  

Average,  all  experiments  

Kgms. 
71.6 
66.8 
72.7 

Days. 
3 
3 
4 

Grams. 
0.37 
.57 
.59 

Grams. 
0. 44 
.54 
.58 

Grams. 
0.39 
.50 
.51 

Grams. 
0.33 
.33 
.35 

Grams. 
0.38 
.49 
.51 

10 

.52 

.53 

.47 

.34 

.47 

75.9 
76.6 
67.0 
75.4 
73.4 

3 
3 
1 
3 
3 

i.  Ol 

l.SO 
1.89 
1.46 
1.40 

i.  40 

1.57 
1. 19 
1.41 
1.31 

.52 
.62 
.52 
..53 
.52 

.36 
.38 
.38 
.38 
.37 

.97 
1.09 
.99 
.94 
.90 

72.2 

13 
1 

1.57 
1.55 

1.42 

1.68 

.55 
1.46 

.37 
.71 

.98 
1.35 

14 

1..57 

1.44 

.61  .39 

1.01 

24 

1.13 

1.06 

.55 

.37 

.79 

71.6 
66.8 
72.7 

3 
3 
4 

.40 
.53 
.55 

.40 
.55 
.,52 

.44 
.51 
.53 

.43 
.43 

.50 

.42 

.51 
.53 

10 

.50 

.49 

.50 

.46 

.49 

75.9' 

76.6 

67.0 

75.4 

73.4 

3 
3 
1 
3 

3 

3.37 
3.8J 
2. 74 
3.01 
3.48 

3.60 
3.29 
2.78 
3.00 
3.50 

.85 
.84 
.85 
.66 
.73 

.81 
.77 
.76 
.64 
.68 

2.16 
2.20 
1.78 
1.83 
2. 10 

72.2 

13 
1 

3.38 
3.80 

3.30 
3.80 

.78 
3.84 

.73 
2.27 

2.05 
3.43 

14 

3.41 

3.34 

1.00  !  .84 

'  -2.15 

24 

2.20 

2. 15 

.79  {  .68 

1.46 
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Table  83. — Hourly  rates  oj  elimination  of  carbon  dioxid  and  water  and  intake  of  oxygen 
per  kiloijram  of  body  weight — Rates  in  different  periods  and  for  twenty  four  hours — 
Continued. 


Kind  uiid  s;ibjoet  cf  experiment. 

Aver- 
age 
body 
weight. 

Dura- 
tion. 

Amounts  absorbed  per  hour  per 
kilogram  of  body  weight. 

Day  periods. 

Night  periods. 

Aver- 
age 
for  24 
hours. 

7  a.  m. 

to 
1  p.  m. 

1  p.  m. 

to 
7  p.m. 

7  p.  m. 

to 
1  a.  m. 

1  a.  m. 

to 
7  a.  m. 

0-XYGEN. 

Rest  experiments. 

No.  58,  with  H.  F.,  carbohydrate  diet  

No.  60,  with  B.  F.  T>.,  carbohydrate  diet  

Nos.  65-67,  with  \.  L.  L.,  carbohydrate  diet. . 

Average,  Nos.  58,  60,  65-67  

Work  experiments. 

No.  56,  with  J.  C.  W.,  fat  diet  

No.  57,  with  .1.  C.  W.,  carbohydrate  diet  

No.  61,  with  B.  F.  D.,  carbohydrate  diet  

No.  62,  with  A.  L.  L.,  carbohydrate  diet  

No.  64,  with  A.  L.  I,.,  fat  diet,  severe  work.. . 
Average,  Nos.  56,  57,  61,  62,  63,  64  

Kgms. 
71.6 
66.8 
72.7 

Days . 
3 
•  3 
4 

Orams. 
34 
!47 
52 

Grams. 
.  34 
!43 
48 

Grams. 
33 
!38 
41 

Grams. 
.  28 
!28 
.  32 

Grams. 
.32 
.39 
.43 

10 

.45 

.42 

.38 

.30 

.39 

75.9 
76.6 
67.0 
75.4 
73.4 

3 
3 
1 
3 
3 

1.35 
1.37 
1.49 
1.17 
1.24 

1.31 
1.24 
.98 
1.14 
1.18 

.46 
.44 
.45 
.43 
.49 

.45 
1.33 

.33 
.38 
.33 
.32 
.36 

.86 
.86 
.82 
.  77 
.82 

72.2 

13 
1 

1.30 
1.41 

1.20 
1.45 

.35 
.67 

.83 
1.22 

14 

1.31 

1.22 

.51 

.37 

.86 

24 

.95 

.89 

.46 

.34 

.66 

The  computations  are  made  for  l)oth  the  rest  and  the  work  experi- 
ments. Durino;  the  rest  experiments  the  amounts  of  carbon  dioxid 
ehminated  per  liour  per  kilogram  of  body  weight  ranged  on  the  aver- 
age from  0.52  gram  during  the  day  periods  to  0.34  gram  (hiring  the 
last  of  the  night  periods.  The  average  for  the  twenty-four  hours 
is  0.47  gram.  The  conditions  aflecting  the  elimination  of  carbon 
dioxid  have  been  fully  discussed  before;  it  is  only  necessary  to 
recall  the  fact  that  the  degree  of  muscular  activity  determines  in  large 
measure  the  carbon  dioxid  output.  In  experiment  No.  .5<S,  in  which 
the  muscular  activity  was  at  the  lowest,  we  would  expect  to  find  the 
values  lower  than  the  average,  and  the  figures  show  that  this  is  the 
case.  In  the  work  experiments  the  amount  of  car})on  dioxid  elimi- 
nated rose  during  the  day  to  an  average  of  1.57  grams  for  the  morning 
period  in  which  the  larger  share  of  the  work  was  done;  and  during  the 
last  period  of  the  night  it  fell  again  to  nearly  that  of  the  same  period 
in  rest  experiments,  namely,  0.37  gram.  The  average  for  the  whole 
day  is  0.98  gram.  The  influence  of  excessive  muscular  exercise,  as  in 
experiment  No.  64,  on  all  of  these  average  amounts  is  seen  when  the 
results  for  corresponding  periods  in  the  different  experiments  are 
compared.  In  this  case  the  averages  per  hour  remained  more  nearly 
constant  for  the  whole  day,  and  the  figure  for  the  last  ]:)eriod  of  the 
night  was  nearly  twice  that  found  in  the  same  period  in  rest  and 
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other  work  experiments.  During  this  night  period  the  subject  did 
some  work  with  the  bicycle  ergometer,  but  in  all  the  other  experi- 
ments the  subjects  were  sleeping  at  this  time.  The  average  for  the 
day  is,  furthermore,  considerably  higher  than  that  in  the  other  work 
experiments. 

The  water  elimination  is  likewise  subject  to  certain  fluctuations, 
depending  upon  the  muscular  activity  of  the  subject  and  the  nature 
of  the  experiment.  During  the  rest  experiments  the  fluctuations 
were  not  very  marked,  the  elimination  being  fairly  evenly  distributed 
throughout  the  whole  twenty-four  hours.  The  average  amount  per 
hour  was  not  far  from  0.5  gram.  In  the  work  experiments,  on  the 
contrary,  the  larger  proportion  of  the  water  was  eliminated  during 
the  periods  of  increased  muscular  activity. 

The  consumption  of  oxygen  is  affected  not  only  by  the  degree  of 
muscular  activity  of  the  subject,  but  also  by  the  nature  of  the  diet, 
as  has  been  pointed  out  in  previous  discussion.  During  the  rest 
experiments  the  intake  ranged  from  0.28  to  0.52  gram,  and  averaged 
about  0.4  gram  per  hour  per  kilogram  of  body  weight.  The  distribu- 
tion during  the  twenty-four  hours  is  quite  comparable  with  that  of 
carbon  dioxid,  the  largest  rate  per  hour  being  observed  during  the 
day  periods  and  the  lowest  during  the  last  night  period. 

As  the  elimination  of  carbon  dioxid  per  kilogram  of  body  weight 
and  per  hour  increased  very  greatly  during  work,  so  likewise  the 
absorption  of  oxygen  per  hour  and  per  kilogram  was  very  much 
greater  during  the  day  periods  than  during 'the  corresponding  periods 
of  the  rest  experiments.  The  absorption  fell  off,  however,  till  in  the 
last  period  of  the  night  it  was  not  much  greater  than  during  the  cor- 
responding period  of  the  rest  experiments. 

The  effect  of  greater  muscular  work  on  the  hourly  rate  is  noticed 
in  experiment  No.  64,  and  the  effect  of  the  muscular  work  during  the 
night  period  is  especially  observed  during  the  period  from  1  a.  m.  to 
7  a.  m.,  with  a  rate  of  0.67  gram  of  oxygen  per  kilogram  of  body 
weight  per  hour  against  0.35  gram,  the  average  of  the  ordinary  work 
experiments,  and  0.30  gram,  the  average  of  the  rest  experiments. 

ELIMINATION  OF  HEAT  PEE,  KILOGRAM  OF  BODY  WEIGHT  AND 
PER  SQUARE  METER  OF  BODY  SURFACE. 

The  heat  elimination  is  also  commonly  considered  as  being  propor- 
tional to  the  body  weight,  and  during  rest  nearly  proportional  to  the 
surface  area  of  the  body.  For  purposes  of  comparison  the  heat  per 
hour  per  kilogram  of  body  weight  and  per  square  meter  of  body  sur- 
face for  the  experiments  here  reported  are  recorded  in  Table  84.  For 
further  comparison  the  hourly  rates  of  elimination  in  different  parts 
of  the  day  and  averages  for  the  whole  day  are  likewise  given  in  the 
table. 
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Table  84. — Ilourly  rates  of  diviinafion  of  Jieat  per  kilogram  of  body  weight  and  per 
square  meter  of  body  suifaee  of  different  siibjeets — Rates  in  different  parts  of  day  arul 
averages  for  whole  day. 


Subject  and  kind  of  cxperinient. 


Body 
weight. 


Dura- 
tion 


Heat  eliminated  per  hour  per  Icilograni 
of  body  weight. 


7  a.  m. 

to 
1  p.  m. 


1  p.  m. 

to 
7  p.  m. 


7  p.  m. 

to 
1  a.  ra. 


1  a.  m. 

to 
7  a.  m. 


Aver- 
age for 

24 
hours. 


Rest  experiments. 

H.  F.,  experiment  Nn.  .58,  carbohydrate  diet... 
B.  F.  U.,  expcrimiMit  No.  CO,  carbo'hyilriitc  diet. 
A.  L.  L.,  e.xpcrinifnt  No.  65,  earboliyilnitc  diet. 
A.  L.  L.,  experiment  No.  66,  earljohydrato  diet. 
A.  L.  L.,  experiment  No.  07,  carbohydrate  diet. 

Average  of  experiments  Nos.  65-67  


Kgms. 
71.6 
66.7 
72.5 
73.0 
72.7 


Days. 
3 
3 
1 
1 


72.7 


Average  for  aljove  re.st  experiments  

Work  experiments. 

J.  C.  W.,  experiment  No.  56,  fat  diet: 

Heat  equivalent  of  external  muscular  work. 
Total  heat  eliminated  

.1.  C   \V.,  experiment  No.  .57,  carbohydrate 
diet: 

Heat  equivalent  of  external  muscular  work. 

Total  heat  eliminated  

B.  F.  D.   experiment  No.  61,  carbohydrate 
diet: 

1  feat  equivalent  of  external  mu.scular  work. 

Total  heat  eliminated  

A.  L.  L.,  experiment  No.  62,  carbohydrate 
diet: 

Heat  equivalent  of  external  muscular  work. 

Total  heat  eliminated  

A.  L.  I/.,  experiment  No.  b'.i,  fat  diet: 

Heat  i'(|uival('iit  of  external  muscular  work. 

Total  heat  cliimnated  

Average  for  above  work  experiments: 

Heat  equivalent  of  exti'rnal  muscular  work. 

Total  heat  eliminated  


Severe  work  experiment. 

A.  L.  L..  experiment  No.  64,  fat  diet: 

Heat  eciuivalent  of  external  nniscular  work 
Total  heat  eliminateil  


Average  forall  above  work  experiments: 

Heat  equivalent  of  external  muscular  work. 
Total  heat  eliminated  


67.0 


73.4 


72.2 


Cals. 
1.22 
1.68 
1.46 
1.71 
1.96 


Cals. 
1.16 
1.  .52 
1.  45 
1.  .52 
1.81 


Cats. 
1.07 
1.41 
1.57 
1.27 
1.35 


CaJs. 
0. 98 
.96 
1.17 
1. 14 
1. 04 


1. 77 


1.05 


1.38 


1. 58 


1.46 


1.30 


.63 
4.  43 


.71 
4.84 


.52 
4. 10 


.55 
4.26 


.61 
4.45 


.62 
4.36 


.60 
4.  25 


1.  64 


.35 
.3.64 


..50 
3.90 


.49 
3.96 


..54 
4.08 


l.,53 


1.62 

"i.oi 


.70 
4.71 


.71 
4.94 


.61 
4.57 


.62 
4.47 


.55 
4. 14 


1.82 


1. 10 


1.02 


1.16 


1.13 


1.26 

"i.'itV 


.  19 
2.25 


1.24 


Cals. 
1.11 
1.39 
1.41 
1.41 
1.54 


1.48 


1.  3^ 


2.90 


2.  96, 


2.84 


2.06 


2.  78 
'2.' 83 


.92 
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Table  84. — Hourly  rates  of  elimination  of  heat  per  kilogram  of  body  weight  and  per 
square  meter  of  body  surface  of  different  subjects — Rates  in  different  parts  of  day  and 
averages  for  whole  day — Continued. 


Subject  and  kind  of  experiment. 

Dura- 
tion. 

Heat  eliminated  per  hour  per  square  meter 
of  body  surface. 

7  a.  m. 

to 
1  p.  m. 

1  p.  m. 

to 
7  p.  m. 

7  p.  m. 

to 
1  a.  m. 

1  a.  m. 

to 
7  a.  m. 

Average 
for  24 
hours. 

Rest  experiments. 

H.  F.,  experiment  No.  58,  carbohydrate  diet.. 
B.  F.  D.,  experiment  No.  60,  carbohydrate  diet.. 
A.  L.  L.,  experiment  No.  65,  carbohydrate  diet. . 
A.  L.  L.,  e.xperiment  No.  66,  carbohydrate  diet. . 
A.  L.  L.,  experiment  No.  67,  carbohydrate  diet. . 

Average  of  experiments  Nos.  65-67  

Days. 
3 
3 
1 
1 
2 

Cals. 
41.1 
55.1 
49.3 
58.5 
66.7 

Cals. 

.  39.2 
49.9 
49.0 
52.0 
61.6 

Cals. 
36.2 
46.  4 
53.0 
43.2 
45.7 

Cals. 
33.2 
31.6 
39.7 
38.7 
35.  4 

Cals. 
37.4 
45.7 
47.8 
48.1 
52.3 

4 

60.3 

56.0 

46.9 

37.3 

50.1 

Average  for  above  rest  experiments  

10 

53.0 

49.2 

43.5 

34.4 

45.0 

Work  experiments. 

J.  C.  W.,  experiment  No.  56,  fat  diet: 

Heat  equivalent  of  external  muscular  work. 
Total  heat  eliminated  

3 
3 

3 
3 

1 
1 

3 
3 

3 
3 

13 
13 

21.6 
151.6 

24.6 
167.1 

22.8 
163.2 

18.2 
144.6 

19.0 
146.2 

21.0 
153.2 

21.1 
149.2 

20.6 
146.6 

11.6 
120.1 

17.6 

56.1 

39.8 

99.2 

J.  C.  W.,  experiment  No.  57,  carbohydrate  diet: 
Heat  p<inivalpnt  of  external  muscular  work. 
Total  lii'at  eliminated  

57.7 

3().  6 

102.0 

B.  F.  D.,  cxpcrinicnt  No.  61,  carbohydrate  diet: 
Heat  CM  1  111  va lent  of  external  muscular  work. 
Total  hiMt  I'liininated  

50.4 

41.0 

93.7 

A.  L.  L.,  expi'riTiii'iit  No.  G2,  carbohydrate  diet: 
Heat  ('(|iii  valcnt  of  external  muscular  work . 
Total  hi'iit  rliininated  

137.5 

53.7  1  39.7 

93.  9 

A.  L.  L.,  experiment  No.  63,  fat  diet: 

Heat  equivalent  of  external  muscular  work . 
Total  heat  eliminated  

16.8 
135.9 

18.5 
140.6 

55.4 

43.3 

95. 2 

Average  for  above  work  experiments: 

Heat  equivalent  of  external  muscular  work . 

55.3 

39.9 

97.3 

Severe  viork  experiment. 

A.  L.  L.,  experiment  No.  64,  fat  diet: 

Heat  equivalent  of  external  muscular  work . 
Total  heat  eliminated  

1 
1 

23.6 
158.9 

23.8 
166.7 

20.7 
154.1 

.  6.4 
76.1  . 

18.6 
139.0 

Average  for  all  above  experiments : 

Heat  equivalent  of  external  muscular  work . 
Total  heat  eliminated  

1 

14 
14 

21.2 
153.6 

18.8 
142.5 

62.4 

42.5 

100.3 

■  ~  1  

In  the  rest  experiments  the  heat  elimination  per  kilogram  of  body 
weight  was  lowest  in  experiment  No.  58  and  highest  in  experiment 
No.  67,  wliich,  as  has  been  pointed  out,  would  more  properly  be 
designated  as  a  light  exercise  rather  than  a  rest  experiment.  Simi- 
larly, the  average  heat  elimination  per  square  meter  of  body  surface 
was  lowest  in  experiment  No.  58  and  highest  in  experiment  No.  67. 
Experiments  Nos.  60,  65,  and  66,  on  the  other  hand,  show  an  average 
heat  elimination  per  kilogram  of  body  weight  and  per  square  meter  of 
body  surface  much  the  same  for  all  three  experiments.  The  aver- 
ages are  probably  somewhat  greater  than  would  normally  be  the 
case  in  experiments  which  are  distinctly  rest  experiments.  In  the 
averages  for  all  the  experiments  here  designated  as  rest  experiments, 
from  7  a.  m.  to  1  p.  m.  there  were  1.58  calories  for  every  kilogram  of 
body  weight  and  53.0  calories  per  square  meter  of  body  surface. 
During  the  next  period  the  corresponding  values  are  1.46  calories 
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and  49.2  calories.  They  diminished  during  the  first  niglit  period, 
from  7  p.  m.  to  1  a.  m.,  to  1.30  calories  and  43.5  calories,  respectively, 
and  during  the  last  period  of  the  night  fell  still  further,  to  1.02  calor- 
ies and  34.4  calories. 

The  heat  equivalent  of  the  external  muscular  work  in  the  work 
experiments  is  included  in  the  table.  This  varies  with  the  quantity 
of  work  done,  as  does  also  the  total  heat  elimination,  and  the  hourly 
rate,  both  per  kilogram  of  body  weight  and  per  scpiare  meter  of  body 
surface,  is  directly  aft'ecteil  by  the  periods  of  work.  This  is  especially 
noted  in  the  severe  work  experiment,  where  the  work  extended  over 
the  greater  portion  of  the  twenty-four  hours.  It  is  interesting  to 
note  that  on  the  average  for  the  work  experiments,  other  than  No.  64, 
the  heat  elimination  per  kilogram  of  body  weight  and  per  square  meter 
of  body  surface  was  not  much  greater  during  the  period  from  1  a.  m. 
to  7  a.  m.  than  during  the  corresponding  period  of  the  rest  experi- 
ments. Indeed,  in  the  case  of  experiment  No.  57,  the  results  for 
this  last  night  period  were  (juite  close  to  those  for  the  rest  experi- 
ments for  tlie  same  j)eriod.  In  the  severe  work  experiment  the 
average  heat  output  for  twenty-four  liours  rose  to  4.12  calories  per 
kilogram  and  to  139.0  calories  per  square  meter  of  body  surface. 

It  is  apparent,  then,  that  the  heat  elimination,  both  per  kilogram 
of  body  weight  and  per  square  meter  of  body  surface,  is  in  large  part 
dependent  upon  the  niuscular  activity  of  the  subject,  and  it  is  there- 
fore incorrect  to  compare  experiments  in  wh'ch  there  is  not  some 
uniformity  in  the  muscular  activity.  When  allowance  is  made  for 
these  conditions  the  lieat  elimination  per  hour,  on  the  basis  of  both 
body  weight  and  botly  area,  agrees  closely  for  different  experiments. 

COMPARISON  OF  THE  ELIMINATION  OF  CARBON  DIOXID,  WATER, 
AND  HEAT  FROM  THE  BODY  AND  THE  INTAKE  OF  OXYGEN, 
PER  DAY  AND  PER  HOUR,  PER  KILOGRAM  OF  BODY  WEIGHT. 

The  factors  determined  by  the  respiration  calorimeter  and  recorded 
in  the  preceding  tables  permit  of  another  comparison  which  is  of 
special  interest,  since  it  has  been  the  custom  of  some  experimenters 
to  compute  the  elimination  of  carbon  dioxid  in  terms  of  liters  per 
day  and  in  terms  of  cubic  centinieters  per  kdograni  of  body  weight 
per  hour.  This  has  likewise  been  done  for  oxygen,  and  for  purposes 
of  comparison  the  values  for  water  and  heat  should  be  included. 
Such  data  for  the  experiments  here  reported  are  given  in  Table  85, 
not  only  for  the  different  experiments  as  a  whole,  but  also  for  the 
different  days  of  each  experiment.  The  body  weight  of  the  subject 
is  assumed  to  be  the  same  during  the  entire  experiment,  an  assump- 
tion which,  however,  is  slightly  erroneous.  For  example,  in  experi- 
ment No.  63,  with  a  fat  diet,  the  body  weight  of  the  subject  (A.  L.  L.) 
did  not  remain  constant  at  73.4  kilograms.    There  was  a  steady  loss  of 
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body  weight  during  the  whole  experiment.  For  purposes  of  com- 
parison, however,  the  variations  in  body  weight  were  not  taken  into 
consideration.  Since  it  is  becoming  more  and  more  beheved  that 
the  greatest  factor  influencing  metabolism  is  the  active  mass  of 
protoplasmic  tissue,  rather  than  the  gross  body  weight,  the  assumption 
of  a  constant  body  weight  here  does  not  introduce  a  serious  error, 
inasmuch  as  the  losses  in  body  weight  experienced  by  the  subject 
were  in  large  part  of  fat,  carbohydrates,  and  water,  and  not  of 
protein. 

Table  85. — Elimination  of  carbon  dioxid,  water,  ami  heat  and  intake  of  oxygen,  per 
day  and  per  hour,  per  kilogram  of  body  weight. 


Subject  and  kind  of  experi- 
ment. 


Carbon  di- 
oxid. 


J3  O 


Water. 


Oxygen. 


3  a 

o  tie 
Si  o 


Heat. 


o  is 
j=  o 


Cal. 
1.06 
1.07 
1.19 


Rest  experiments. 

H.  F.,  carbohydrate  diet . . 

 do  , 

 do  


Kgm 
71.6 
71.6 
71.6 


Liters. 
319. 76 
328. 14 
359. 56 


Cc. 


190.96 
209. 24 


Grams. 
507.13 
828. 78 
816.94 


Gms. 
0.30 


Liters. 
369. 95 
384. 29 
412.39 


Cc.  I  Cal. 
215.291,819. 13 
223. 67  1, 845. 51 
239.98  2,047.25 


Average  per  day. 


71.6 


335. 82 


195. 43 


717.62 


.42 


388.88 


226. 30 


B.  F.  D. , carbohydrate  diet. 

 do  

 do  


Average  per  day  

A.  L.  L.,  carbohydrate  diet. 
Light  exereise  experiments. 
A.  L.  L.,  carboliydrate  diet. 


.do. 
.do. 


66.7 
66.7 
66.7 

66.7 


392. 35 
387. 59 
411.23 


245. 10 
242. 12 
256!  89 


959. 54 
272. 15 
1, 198. 69 


436. 38 
439. 09 
445.00 


272.60 
274.29 
277. 


397.06 


248. 04 


810. 13 


440. 16 


274. 96 


72.5 


414.94 


238.  47 


1,072.46 


.62 


510.39 


293. 33 


73.0 


427. 52 


244.02 


883.83 


72.7 
72.7 


484. 44 
484.71 


277. 65 
277.80 


842. 28 
877.76 


Average  per  day. 
Work  erperiments. 


J.  C.  W.,Iat  diet. 

 do  

 do  


72.7 


484.58 


277. 73 


860.02 


.49 


1, 903. 96 


1. 11 


2, 213.31 
2, 200. 93 
2, 269. 46 


1.38 
1.37 
1.42 


2, 227. 90 


2, 453. 27 


1.39 
1.41 


282. 48  2, 470. 54 


553. 72 
558. 52 


317.  .35 
320. 11 


556. 12 


318.73 


75.9 
75.9 
75.9 


903. 96 
923. 28 
864. 15 


3, 702. 27 
4, 179.78 
3,907.14 


2.03 
2.29 
2. 14 


Average  per  day. 


75.9 


897. 13 


492.50 


3, 929. 73 


2. 16 


.T.  C.  W.,  carbohydrate  diet. 
....do  


.do. 


76.6 
76.6 
76.6 


065.50 
012.50 
994.30 


58  3, 894. 76 
75  4,191.47 
8514,032.78 


2. 12 
2.  28 
2.19 


Average  per  day  

•B.  F.  D.,  carbohydrate  diet. 

A.  L.  L.,  carbohydrate  diet, 

 do  

 do  


76.6,1,024. 10 


557.06 


67. 0    814. 36  506. 44  2, 869. 45 


4,039.67 


2.20 


1.78 


75.4 
75.4 
75.4 


Average  per  day. 


75.4 


A.  L.  L.,  fat  diet. 

 do  

 do  


.\verage  per  day. 
A.  L.  L.,  fat  diet  


73.4 
73.4 
73.4 

73.4 


72.2 


863. 40  477. 12  3, 415. 85 
13  2, 933. 95 
84  3,573.19 


877. 89 
866. 50 


869.26 


815. 42 
804.82 
803.58 


807.94 


1, 193.33 


485. 
478.1 


1.89 
1.62 
1.97 


480. 36  3, 307. 66 


1.83 


3, 952. 69 
3, 479. 03 
3, 653. 96 


2.24 
1.98 


081.67 
156.79 
062. 46 


2, 654. 
2, 721.93 


1.52 
1.56 


2, 688. 45 


1.54 


80  5, 295. 10 
04  5, 443. 41 
26  5, 123. 88 


2.91 
2.98 
2.81 


1,100.31  604.03  5,284.13  2.90 


,126.10  612. 

,094.00  rm. 

,089.80  592. 


1,103.30 


916.35 


54  5,582. 38 
09  5, 377. 72 
80,5,343. 99 


600. 13 


569. 


960. 18  530 
971.38  536, 
979. 49  541, 


970.35 


986. 22 
,017.81 
,018.05 


458. 64  3, 695. 22 


2.07  1 
2.10:1,007.36 


688.67  5,939.67 


3. 43  1,473.  £ 


536. 22 


559. 
577. 
577. 

571. 


5, 434. 70 


4,565.03 


3.04 
2.94 
2.91 


2.96 
2.84 


4,802.30 
4, 809. 76 
4,852.31 


4,821.46 


84  4, 946. 74 
78  4,900.77 
91  4, 822.  58 


4,890.03 


850. 62  7, 136. 70 


2.65 
2.66 
2.68 


2.81 
2.78 
2. 74 


2. 78 
4. 12 
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In  experiment  No.  58  there  was,  on  the  average,  195  cubic  centi- 
meters of  carbon  dioxid  eHminated  per  hour  per  kilogram  of  body 
weight  and  a  corresponding  consumption  of  oxygen  amoimting  to 
226  cubic  centimeters.  There  was  a  simultaneous  elimination  of 
1.11  calories  of  heat  per  hour  per  kilogram  of  body  weight.  This 
was  more  nearly  a  "rest"  experiment  than  any  of  the  others  here 
reported,  i.  e.,  the  bodily  activity  of  this  subject  was  least  of  all.  In 
the  other  rest  experiments  the  consumption  of  oxygen  and  the  elim- 
ination of  carbon  dioxid  were  larger,  indeed  in  direct  proportion  to 
the  increase  in  degree  of  muscular  activity,  the  subject  with  light  exer- 
cise demanding  more  than  those  at  rest. 

In  the  work  experiments,  the  amounts  of  carbon  dioxid  eliminated 
and  of  oxygen  absorbed  per  kilogram  increased  very  noticeably, 
rising  in  the  severe  work  experiment  No.  64  to  688  cubic  centime- 
ters of  carbon  dioxid  and  850  cubic  centimeters  of  oxygen  per  kilo- 
gram per  hour.  This  large  respiratory  exchange  was  accompanied 
b}' an  elimination  of  4.12  calories  per  kilogram  of  body  weight  per  hour. 

HEAT  PRODUCTION. 

The  measurements  of  the  amount  of  heat  eliminated  from  the  body 
during  a  given  period  are  not  necessarily  the  same  as  those  of  the 
iimoimt  of  heat  produced  during  that  period.  An  increase  or  decrease 
in  body  weight  or  in  body  temperature  during  the  period  involves  a 
corresponding  increase  or  decrease  in  the  amount  of  residual  heat  of 
the  body.  For  example,  when  there  has  been  an  increase  in  body 
weight,  the  temperature  of  some  substance  has  been  raised  from  that 
at  which  it  was  taken  into  the  body  to  that  of  the  body.  Or,  if  the 
weight  has  not  changed,  but  the  temperature  of  the  body  has  risen, 
the  total  amount  of  heat  in  the  body  has  been  increased.  Likewise, 
if  there  has  been  a  loss  of  body  weight,  or  of  body  temperature,  the 
body  no  longer  has  stored  in  it  so  much  heat  as  formerly.  To  deter- 
mine the  actual  heat  production,  therefore,  allowance  must  be  made 
for  the  changes  in  the  amount  of  heat  residual  in  the  body.  For 
this  reason,  accurate  determinations  of  the  variations  in  body  weight 
and  body  temperature  are  necessary. 

MEASUREMENT  OF  RODV  TKMI'ERATURE. 

The  variations  in  body  temperature  in  some  of  these  experiments 
were  determined  with  great  exactness  by  the  use  of  a  specially  devised 
rectal-thermometer."  With  this  device  measurements  of  tempera- 
ture are  based  upon  the  variations  in  electrical  resistance  of  a  coil 
of  fine  copper  wnre,  inclosed  in  a  pure  silver  tube,  and  inserted  in  the 

"  Arch.  Physiol.  [Pfluger],  88  (1901),  ]).  492,  and  90  (190-2),  p.  33. 
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rectum.  The  special  form  of  Wlieatstone  bridge  used  for  measure- 
ments of  the  temperature  of  the  calorimeter  is  likewise  used  for  the 
measurements  of  the  rectal  temperatures.  The  silver  tube  in  the 
rectum  gives  the  subject  no  discomfort,  whether  he  is  asleep  or  awake, 
thus  insuring  normal  conditions.  The  measurements  are  made 
usually  at  intervals  of  4  minutes. 

In  the  rest  experiments  a  continuous  use  of  the  rectal  thermome- 
ter presents  no  special  difficulties,  and  in  experiments  Nos.  58  and  60 
observations  with  it  were  taken  throughout  the  whole  period.  Dur- 
ing the  work  experiments,  however,  although  it  has  been  possible  for 
some  subjects  to  Avear  the  thermometer  with  no  special  discomfort, 
it  was  deemed  inadvisable  to  jeopardize  an  experiment  which  was 
planned  to  continue  six  or  more  days  by  an}^  possibility  of  local  irri- 
tation by  the  use  of  the  rectal  thermometer  during  severe  muscular 
work.  At  the  conclusion  of  the  work  period  in  the  series  with 
A.  L.  L.  the  subject  was  disinclined  to  use  the  electrical  thermome- 
ter, and  its  insertioii  was  not  insisted  upon.  Frequent  observations 
were  made,  however,  by  means  of  a  regular  clinical  thermometer. 

In  Table  86  are  recorded  the  actual  temperature  observations  by 
3-hour  periods,  as  measured  in  the  two  experiments  in  which  the  rectal 
thermometer  was  used.  Usually  temperature  records  are  expressed 
in  the  form  of  a  curve,  and  in  previous  discussions  °-  of  temperature 
measurements  with  this  form  of  electrical  thermometer,  such  cur^^es 
were  used.  It  is  the  purpose  to  report  in  detail  elsewhere  the  tem- 
perature curves  based  upon  the  4-minute  observations.  For  the 
purpose  of  computing  the  heat  production  here  imder  discussion, 
the  temperatures  at  the  end  of  3-hour  periods,  as  given  below,  are 
sufficient. 


Table  8(j. — Summary  of  body  temperatures  by  J -hour  periods,  as  shown  by  vuasuremcnts 

with  the  rectal  thermometer. 


Time, 
t 

Period 
prelimi- 
nary to 
experi- 
ment 
No.  58. 

Experiment  No.  58. 

Period 
prelimi- 
nary to 
experi- 
ment 

No.  60. 

Experiment  No.  60. 

Nov. 
10-11. 

Nov. 
11-12. 

Nov. 
12-13. 

Jan. 
27-28. 

.Tan. 
28-29. 

Jan. 
29-30. 

7  fl..  Tn                .  _ 

°C. 

"C. 
36.  71 
36.74 
36.98 
37.07 
36.  94 
37. 17 
36,99 
36.98 
36.  29 

°C. 

"C. 

"C. 

°C. 
36.48 
36.78 
36.55 
36.  44 
35.99 
36.26 
36.10 
36.24 
36.71 

°C. 

°C. 

in  a  TTl  ! 

37.  23 
37. 14 
37.  55 
37.  83 
37.  93 
37.90 
37.  57 
37.  67 

37.  54 

37.09 
37.  80 
37.90 
38.23 
37.88 
37.  72 
37.81 

36.68 
36.56 
36.  55 
.36.  61 
30.  50 
36.12 
36.23 
36.60 

36.  70 
36.  66 
36.  61 
36.92 
30.  64 
30.  28 
36.29 
36.69 

4  p.  m  

7  D.  m  

10  p.  m  

1  a.  in  

4  a.  m  

7  a.  m  

36.  58 
36.72 
36.71 

36.20 
36. 14 
36.48 

^Arch.  Physiol.  [Pflugerr.  90  (1902),  p.  33,  and  Amer.  Jour.  Physiol.,  U  (1904),  p.  145. 
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In  experiment  No.  58  the  temperature  of  the  subject  gradually 
increased  during  the  three  days  of  the  experiment.  The  exact  cause 
of  this  increase  is  not  known.  We  have  reason  to  believe,  however, 
that  the  highest  temperatures  recorded  were  not  actually  as  higli  as 
they  appear,  owing  to  alterations  in  the  electrical  connections.  Since, 
however,  the  temperature  differences,  rather  than  the  absolute  tem- 
peratures, were  of  importance  in  this  investigation,  it  was  deemed 
inadvisable  to  have  the  thermometer  removed  and  recalibrated  dur- 
ing the  experiment.  Observations  of  pulse  rate  and  occasional  tests 
with  the  clinical  thermometer  failed  to  indicate  any  abnormal  rise  in 
temperature  with  this  subject. 

In  experiment  No.  60  the  temperature  observations  we  believe  to 
be  absolutely  as  recorded,  since  the  electrical  connections  were  .per- 
fected and  the  thermometer  carefully  calibrated  both  before  and  after 
the  experiment.  It  is  important  to  bear  in  mind,  however,  that  the 
significance  of  these  temperature  observations  is  rather  in  the  fluctu- 
ations than  the  absolute  values. 

Fluctuations  in  Body  Temperature. 

Contrary  to  popular  impression,  the  temperature  of  the  body  is 
not  fixed  at  98.4°  F.,  which  is  usually  marked  on  the  clinical 
thermometer  as  "normal."  A  number  of  factors  modify  it,  among 
which  may  be  mentioned  ingestion  of  food,  body  activity,  and  body 
position.  Aside  from  these  more  or  less  definite  causes  for  fluctua- 
tions in  body  temperature  there  is  a  regular  daily  rhythm,  which  is  in 
a  large  measure  entirely  independent  of  muscular  activity.  The 
rhythm  is  characterized  by  a  minimum  temperature  between  the 
hours  of  3  and  5  a.  m.,  a  marked  rise  during  the  early  morning,  which 
continues,  but  more  slowly,  durmg  the  forenoon  and  early  afternoon 
to  a  maximum  at  about  4  p.  m.  and  an  evening  fall.  The  fluctua- 
tions during  different  periods  of  the  da}'^  in  experiments  Nos.  58  and 
60  are  recorded  in  Table  87.  These  data  are  used  as  subsequently 
explained  for  computing  the  gain  or  loss  of  body  heat  due  to  rise  or 
fall  of  the  temperature  of  the  body. 
21482— No.  175—07  13 
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Table  87. — Summary  of  changes  of  body  temperature  for  3-hour  periods,  as  shown  by 
measurements  with  rectal  thermometer — Rise  (+)  and  fall  (— ). 


Time. 

Experiment  No.  58. 

Experiment  No.  60. 

Nov.  10-11. 

Nov.  11-12. 

Nov.  12-13. 

Jan.  27-28. 

Jan.  28-29. 

Jan.  29-30. 

"C. 

"C. 

"C. 

"C. 

°a 

°C. 

10  a.  m  

1  p.  m  

7  p.  in  

Total,  12  hours  

10  p.  m  

1  a.  m  

Total,  6  hours  

4  a.  m  

7  a.  m  

Total,  6  hours  

Total,  12  hours  

Total,  24  hours  

+0.03 
+  .24 

+  0.94 
-  .09 

-0. 13 
+  .15 

+0.30 
-  .23 

-0.03 
-  .12 

+0. 10 
-  .04 

+  .27 

+  .85 

+  .02 

+  .07 

-  .15 

+  .06 

+  .09 
—  .13 

+  .41 
+  .28 

+  .11 
+  .10 

-  .11 

—  .45 

-  .01 
+  .06 

■     -  .05 
+  .31 

-  .04 

+  .69 

+  .21 

-  .56 

+  .05 

+  .26 

+  .23 

+  1.54 

+  .23 

-  .49 

-  .10 

+  .32 

+  .23 
-  .18 

+  .10 
-  .03 

+  .33 
-  .35 

+  .27 
-  .16 

-  .11 

-  .38 

-  .28 

-  .36 

+  .05 

+  .07 

-  .02 

+  .11 

-  .49  1         -  .64 

-  .01 

-  .69 

-  .33 
+  .10 

-  .16 
+  .09 

+  .14 
+  .47 

+  .11 

+  .37 

+  .01 
+  .40 

-  .70 

-  .23 

-  .07 

+  .61 

+  .48 

+  .41 

-  .05 

-  .16 

-  .09 

+  .72 

+  .01 

-  .23 

-  .42 

+  1.38 

+  .14 

+  .23 

-  .09 

+  .09 

DETERMINATIONS  OF  BODY  WEIGHT. 

It  was  long  deemed  desirable  to  have  inside  the  respiration  chamber 
some  device  by  which  the  subject  could  be  weighed  accurately. 
Indeed,  the  study  of  the  income  and  outgo  of  material  in  the  body 
"is  not  satisfactory  without  a  true  record  of  body  weight.  The  first 
attempt  to  secure  such  records  was  made  by  means  of  a  small  plat- 
form balance,  a  so-called  silk  scale  sensitive  to  10  grams,  placed 
inside  the  respiration  chamber,  upon  which  the  subject  weighed  him- 
self. The  floor  of  the  calorimeter  chamber,  however,  was  far  from 
level,  and  this  made  it  extremely  difficult  to  center  the  balance  and 
adjust  it  so  that  it  would  always  weigh  under  uniform  conditions. 
Furthermore,  even  skilled  and  accurate  subjects  would  occasionally 
make  gross  errors  in  the  weighings,  which  there  was  practically  no 
method  of  correcting. 

After  a  number  of  years'  experience  with  this  method  of  weighing, 
which  convinced  us  of  its  inaccuracy  for  experiments  of  this  nature,  an 
apparatus'*  was  devised  by  which  the  weighings  could  be  made  and 
checked  by  observers  outside.  To  accomplish  tliis,  a  small  hole  was 
cut  through  the  ceiling  of  the  respiration  chamber  and  a  tube  fitted 
to  it  which  extended  up  through  the  floor  into  the  room  above.  The 
balance  was  then  placed  on  proper  supports  and  a  framework  sus- 
pended on  the  platform  of  it  so  that  a  rod  passing  up  through  the  tube 
could  be  attached  to  the  yoke.    On  the  lower  end  of  this  rod  the 
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chair  in  whicli  the  subject  sits  can  be  suspended.  A  flexible  rubber 
diaphragm  was  attached  to  the  rod  and  to  the  tube  in  such  a  way 
that  a  leakage  of  air  was  prevented,  while  the  sensitiveness  of  the 
balance  was  in  nowise  affected.  As  the  stress  was  all  directly  down- 
ward, two  guide  rods  which  were  attached  to  the  underside  of  the 
platform  of  the  balance,  to  prevent  excessive  lateral  motion,  could  be 
removed,  and  thereby  its  sensitiveness  was  much  increased. 

Numerous  tests  with  the  balance  have  shown  that  the  weight  of  a 
man's  body  can  be  ascertained  accurately  to  within  2  or  3  grams. 
Indeed,  the  accuracy  is  so  great  that  it  is  necessary  to  record  the  exact 
hour  and  minute  at  which  the  weighing  is  made,  because  the  continual 
loss  by  respiration  and  perspiration  is  such  that  a  delay  of  three  or 
four  minutes  will  result  in  an  erroneous  weight.  The  apparatus  has 
been  frequently  checked  by  having  the  subject  sit  in  the  swinging  chair, 
bringing  the  whole  system  into  equilibrium,  and  then  placing  in  the  lap 
of  the  subject  brass  weights  of  different  values.  The  observer  on  the 
floor  above  has  then  made  the  weighings  and  determined  the  gain  of 
weight  thus  added.    The  agreement  is  in  all  cases  very  satisfactory. 

This  device  was  installed  previous  to  the  beginning  of  experiment  No. 
62 ,  and  has  been  used  in  all  experiments  since,  the  sub j  ect  being  weighed 
each  morning  at  7.  At  the  present  time  there  is  no  difficulty  in 
weighing  a  subject  accurately,  but  some  experience  was  necessary 
before  reliable  data  regarding  changes  in  body  weight  could  be 
abtained  with  it.  Precautions  must  be  taken  to  see  that  the  changes 
in  underclotliing,  the  drinking  of  water,  and  the  collection  of  urine 
and  feces  are  carried  out  in  such  a  way  as  to  allow  proper  corrections, 
as  otherwise  the  great  accuracy  of  the  balance  is  of  no  avail. 

The  device  is  used  for  weighing  not  only  the  subject  himself,  but  his 
clothing,  bedding,  books,  and  all  articles  in  the  chamber  that  are 
weighed.  Even  the  heat  absorbers  are  now  attached  to  the  rod  sus- 
pended from  the  balance  and  weighed  by  the  observers  outside  the 
chamber. 

The  weights  of  the  subjects  in  the  different  experiments  are  recorded' 
in  Table  122  of  the  Appendix 

ESTIMATION  OF  CORRECTIONS  FOR  CHANGES  IN  BODY  TEMPERATURES 

AND  BODY  WEIGHT. 

The  correction  for  the  amount  of  heat  involved  in  the  variations  m 
body  temperature  and  body  weight  is  computed  from  the  data  regard- 
ing the  weight  and  temperature  fluctuations  obtained  as  previously 
explained  and  the  specific  heat  of  the  body.  For  tliis  latter  factor 
Pembrey's"  estimate  of  0.83  is  used,  as  it  is  believed  to  be  not  far 
from  the  true  value.    Since  either  factor,  weight  or  temperature, 
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may  remain  constant  while  the  other  increases  or  diminishes,  or  both 
may  fluctuate  in  the  same  or  in  opposite  directions,  there  are  six 
possibihties  for  variation  in  the  amount  of  heat  residual  in  the  bod}'^. 
Wliatever  the  conditions,  however,  the  result  may  be  computed  by 
the  use  of  the  following  formula:  [(initial  body  temperatiu-e —  20°) 
X  (initial  body  weight  X  0.83)  —  (final  body  temperature —20°) 
X  (filial  body  weight  X  0.83)].  Thus,  if  a  subject  weighing  60  kilo- 
grams neither  gains  nor  loses  weight,  but  has  a  temperature  1°  higher 
at  the  end  of  a  period  than  at  the  beginning,  the  amount  of  heat 
residual  in  the  body  will  have  been  increased  during  the  period  by 
about  50  calories. 

In  the  case  of  gain  in  weight  by  the  bod}^,  the  material  that  has 
been  added  has  been  warmed  from  the  temperature  of  the  calorimeter 
chamber,  i.  e.,  20°  C,  to  that  of  the  body.  Drinking  water  and  milk 
are  usually  introduced  into  the  respiration  chamber  at  a  temperature 
much  below  20°,  but  correction  for  the  heat  absorbed  by  these  mate- 
rials in  acquiring  the  temperature  of  the  chamber  is  made  in  another 
place,  and  also  for  the  cooling  of  hot  drinks,  as  tea  or  cofi'ee,  placed 
in  the  chamber. 

The  influence  of  the  change  in  body  temperature  upon  the  heat 
elimination  is  greatest  during  the  night  periods  when  the  total  amount 
of  heat  eliminated  is  naturally  small.  The  corrections  due  to  change 
in  body  weight  are  of  most  importance  when  body  material  is  being 
either  added  to  or  consumed.  A  loss  of  body  material  may  result 
from  an  entire  withdrawal  of  food,  as  in  fasting  experiments,  or  fi-om 
insufficient  diet  in  ordinary  experiments,  as  during  periods  of  severe 
muscular  work.  Because  the  output  of  heat  during  the  period  of 
work  is  large,  the  correction  for  heat  involved  in  change  of  body 
weight  is  proportionately  much  less  significant  than  in  the  case  in 
which  the  loss  in  body  weight  is  due  to  fastmg,  for  in  general  durmg 
fasting  the  heat  output  is  at  a  minimum.  In  an}'  case,  in  order  to 
secure  an  accurate  estimate  of  the  heat  production  for  a  given  period, 
corrections  must  be  made  for  the  fluctuation  in  body  temperature 
and  in  bod}^  weight.  Even  in  rest  experiments,  the  changes  m 
body  temperature  for  a  given  period  may  amoimt  to  1°  G.  or  so,  as 
shown  in  Table  87. 

Computation  fhom  Gain  or  Loss  of  Body  Material. 

Variations  in  body  weight  are  due  to  gams  and  losses  of  body  mate- 
rial and  water.  The  data  obtained  with  the  new  form  of  respiration 
apparatus  afl'ord  means  for  computing  the  gains  or  losses  of  these 
materials,  and,  theoretic  all}'  at  least,  it  would  be  more  accurate  to 
compute  the  changes  in  amount  of  residual  heat  in  the  body  from 
these  various  substances  and  the  specific  heat  of  each,  than  to  assume, 
as  has  thus  far  been  done,  that  the  average  specific  heat  of  the  total 
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material  gained  or  lost  is  that  of  the  body  as  a  whole.  Indeed  in 
experiments  in  which  the  records  of  hody  weight  show  obvious  error, 
this  method  is  followed.  The  data  given  in  Table  88  for  a  24-hoiir 
period  in  experiment  No.  GO  may  be  used  in  illustration  of  such 
computation. 


T.\BLK  88. — Data  for  computimj  quantity  of  heat  gained  or  lost  to  the  body  in  change  of 

weight  and  temperature. 


Subject  and  character  of  ex- 
periment. 

Time. 

Actual 
body 
weight 

Actual 
body 
tem- 
pera- 
ture 
by 
recta  1 
ther- 
mom- 
eter. 

Gain 
(+)  or 
loss 
(-)of 
body 
tem- 
pera- 
ture. 

Gain 
(+)  or 

loss 
(-■)of 
body 

pro- 
tein. 

Gain 
(+)  or 
loss(— 1 
of  body 
fat. 

Gain 
(+)  or 
loss(— ) 
of  body 
carbo- 
hy- 
drates. 

Gain(+) 
or  loss 

(-) 
of  body 
water. 

Cor- 
rec- 
tion 

due  to 
change 

of 
body 
tem- 
pera- 
ture 
and 
body 
weight 

Experiment  No.  60.  with  B.  F. 
I).,  carbohydrate  diet: 
Jan.  29  

7  a.  m. 
7  a.  m. 

Kgms. 
67.  43 
67.31 

»C. 
36.  61 
36.67 

oC. 

Gms. 

Grams. 

Grams. 

Grams. 

Cah: 

Jan.  30  

+0. 06 

-3.90 

+30. 19 

-42.25 

-567. 17 

-5.S87 

In  this  experiment  the  subject  ascertained  his  own  body  weight  by 
use  of  a  platform  balance  within  the  chamber.  According  to  the 
records  made  at  the  beginning  and  end  of  this  period,  there  was  a 
loss  of  0.12  kilogram  in  total  weight,  but  this  is  manifestly  incorrect, 
because  according  to  the  balance  of  income  and  outgo  of  matter  in  the 
body  there  was  a  loss  of  3.9  grams  of  protein,  42.25  grams  of  carbo- 
hydrates, and  657.17  grams  of  water  from  the  body,  and  again  of  only 
30.19  grams  of  fat. 

The  weight  of  the  body  at  the  beginning  of  the  period  multiplied 
by  the  specific  heat,  and  this  product  by  the  rise  in  temperature, 
would  give  the  amount  of  heat  added  to  the  residual  if  there  had  been 
no  change  of  weight,  but  this  value  must  be  corrected  by  the  quantity 
of  heat  in  the  gain  or  loss  of  the  materials  mentioned.  For  the  first 
stej)  the  hydrothermal  equivalent  of  each  material  is  computed  from 
its  amount  (in  kilograms)  and  its  specific  heat,  the  specific  heat  of 
protein  and  fat  being  quoted  from  Schaefer"  and  that  of  carbohydrate 
from  data  by  Kopp  and  Hess  reported  by  Landott  and  Bernstein.'' 
The  algebraic  sum  of  these  equivalents  is  next  multiplied  by  the 
difference  between  the  temperature  of  the  calorimeter  (which  was 
20.2°  for  this  period)  and  that  of  the  body  at  the  end  of  the  period. 
The  latter  product  is  then  subtracted  from  that  obtained  from  the 
data  for  body  weight  and  temperature,  mentioned  above.  These 
steps  are  indicated  by  the  following  formula:  (67.43  X  0.83  X  0.06)  - 
[;  (0.0039  X  0.74)  +  (0.0425  X  0.3)  +  (0.56717  X  1)  -  (0.03019  X 
0.71)1-  X  (36.67  -  20.20)]  =  5.887. 

"Text-book  of  Physiology  (1898),  Vol.  I,  p.  839. 
6  "  Physik  Tabellra,"  1!)05,  p.  330. 
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The  result  is  the  number  of  calories  for  which  correction  should 
be  made,  because  of  changes  in  body  temperature  and  in  the  store 
of  body  materials  and  water.  In  this  case  the  quantity  is  negative, 
which  means  that  it  is  to  be  subtracted  from  the  measurement  of 
heat  eliminated  during  the  period. 

With  correct  data  regarding  the  changes  in  total  body .  weight 
there  is  less  necessity  for  computing  the  fluctviations  in  residual  heat 
from  the  amounts  of  body  materials  gained  or  lost;  but  when,  as  in 
experiment  No.  60,  for  example,  the  methods  for  determining  body 
weight .  were  unsatisfactory,  this  method  of  computation  at  least 
gives  some  indication  of  the  probable  error.  It  so  happens  that 
with  the  small  quantity  of  heat  measured  in  this  experiment  an  error 
of  6  calories  is  not  inconsiderable. 

CORRECTIONS  FOR  HEAT  ABSORBED  BY  BED  AND  BEDDING. 

Another  correction  which  should  be  applied  in  determining  the 
actual  heat  production  in  short  periods  is  that  for  the  amount  of  heat 
involved  in  the  warming  and  cooling  of  the  bed  and  bed  clothing. 
When  the  subject  retires,  the  bed  and  bedding  are  at  the  temperature 
of  the  calorimeter  chamber,  but  they  are  soon  warmed  to  approxi- 
mately 30°,  the  heat  being  derived  from  the  man's  body,  consequently 
a  smaller  amount  of  heat  is  measured  for  this  period  than  is  actually 
produced.  Similarly  when  he  arises,  the  warm  bed  clothing  gives  off 
heat  until  it  is  cooled  again  to  the  temperature  of  the  respiration 
chamber,  and  the  amount  of  heat  measured  during  this  period  is 
larger  than  that  actually  produced.  Inasmuch  as  the  subject  retires 
at  11  p.  m.  and  rises  at  7  a.  m.,  the  heat  measurement  for  the  period 
from  11  p.  m.  to  1  a.  m.  is  invariably  too  small  and  that  for  the 
period  from  7  a.  m.  to  10  a.  m.  is  invariably  too  large.  Since  the 
bedding  is  both  warmed  and  cooled  in  each  twenty-four  hours,  the 
values  are  balanced  each  day  and  the  total  heat  determination  for 
the  day  is  not  affected,  but  some  correction  is  necessary  for  the 
measurement  by  periods  during  the  hours  mentioned. 

The  difficulties  in  making  this  correction  have  been  previously 
explained."  As  a  result  of  tentative  estimation,  it  has  been  assumed 
in  previous  discussions  that  30  calories  are  absorbed  by  the  bedding  in 
the  period  in  which  the  subject  retires,  and  the  same  amount  liberated 
in  the  period  in  which  he  arises.  Experiments  to  determine  the 
actual  amount  of  heat  involved  had  not  given  very  satisfactory 
results  at  the  time  the  present  investigations  were  made,  consequently 
the  same  factor  has  been  employed  here  also.  It  seems  probable 
that  this  tentative  correction  is  not  far  from  the  true  one,  but  it  is 
hoped  that  later  investigation  will  give  more  accurate  knowledge 
concerning  it. 


«U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  13(1,  p.  157. 
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TOTAL  HEAT  PRODUCTION. 

Data  regarding  the  heat  production  as  compared  with  the  heat 
eUmination  in  the  experiments  reported  in  the  present  bulletin  are 
summarized  in  Table  89.  The  table  also  shows  the  figures  for  the 
carbon  dioxid  thermal  (quotient,  but  these  are  given  here  simply  for 
convenience;  they  are  discussed  in  the  subsequent  section. 

Table  89. — Amount  of  heat  produced,  and  ratio  of  heat  to  carbon  dioxid. 


I'eriod. 


Rest  Kxperiments. 

Experiment  iVo.  58,  with 
II.  F. ,  carbohydrate  diet. 

7  a.  m.  to  1  p.  m  

1  p.  m.  to  7  p.  m  

Total,  12  hours  

7  p.  m.  to  1  a.  m  

1  a.  m.  to  7  a.  ra  

Total,  12  hours  

Total,  24  hours  

7  !i.  111.  to  1  p.  m  

1  p.  m.  to  7  p.  m  

Total,  12  hours  

7  p.  m.  to  1  a.  ni  

1  a.  111.  to  7  a.  Ill  

Total,  12  hours  

Total,  24  hours  

7  a.  in.  to  1  p.  ni  

1  p.  m.  to  7  p.  m  

Total,  12  hours  

7  p.  m.  to  1  a.  m  

1  a.  111.  to  7  a.  Ill  

Total,  12  hours  

Total,  24  hours  

Experiment  No.  60,  with 
B.  F.  D.,  cnrhohydrate 
diet. 

7  a.  111.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours  

1  p.  in.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6  hours  

Total,  12  hours  

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total,  6  hours  


(a) 
Rise 
(+)  or 

fall 
(-)  oi 
body 
tem- 
pera- 
ture. 


+0.27 
-  .04 


.23 


-I-  .05 
-  .70 


-  .65 

-  .42 


+  .85 
-I-  .69 


-1-1.. 54 
-t- 


(6) 
Gain 
(+)  or 
loss  (-) 
of  body 

heat 
(0.83OX 
w). 


Cats. 
+  16.0 
-  2.4 


-13.6 


+  3.0 
-41.6 


-38.6 
-25.0 


-1-50.5 
+41.0 


+91.5 


.07 
.23 


+  4.2 
-13.7 


.16 


0.5 


+  1.38  +82.0 


.02 
.21 


+  1.2 
+12.5 


+  .23  +13.7 


.02 
.07 


1.2 
4.1 


-  .09      -  5.3 


+  .14  +8.3 


+  .30 
-  .23 


+  .07 


.11 
.45 


-  ..56 


-  .49 


+  16.6 
-12.7 


+  3.9 


-  6.1 
-24.9 


-31.0 


-27.1 


+  .27  +14.9 
-  .16      -  8.9 


+  .11      +  6.0 


(c) 

As- 
sumed 
correc- 
tion for 
bed  and 
bedding. 


id) 


Heat 
elimi- 
nated, 
meas- 
ured. 


Cats. 
— 30 


-30 


+30, 


+30 


-30 


-30 
+30 


+30 


-30 


-.30 


+30 
+30 


-30 


-30 


-30 


+30 


+30 


Cats. 
392.3 
543. 8 


936.1 


482.2 
400.8 


883.0 
1.819.1 


563.7 
423.9 


434.5 
423.4 


857.9 


1,845.5 


611.1 
527.5 


1,138.6 


465.7 
443.0 


908.7 


2,047.3 


355.4 
292.6 


648.0 


301.0 
293.0 


594.0 
1,242.0 


325.1 
238.9 


564.0 


(e) 

Amount 
of  heat 
pro- 
duced, 
b+c+d. 


Cats. 
378. 3 
.541.4 


919.7 


515.2 
359.2 


874.4 


1,794.1 


584.2 
464.9 


1,049.1 


468.7 
409.7 


878.4 


1,927.5 


582.3 
510.0 


1,122.3 


491.5 
438.9 


933.4 


2,0,55.7 


342.0 
279.9 


621.9 


294.9 
268.1 


563.0 
1,184.9 


340.0 
260.0 


600.0 


Carbon 
dioxid 
elimi- 
nated. 


Grams. 
132.8 
187.0 
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Table  89. — Amount  of  heat  produced,  and  ratio  of  heat  to  carbon  dioxid — Continued. 


Period. 


(a) 
Bise 
(+)  or 

fall 
(-)  of 
body 
tem- 
pera- 
ture. 


(6) 

Gain 
(+)  or 
loss  (— ) 
of  body 

heat 
(0.8.3ax 
w). 


(c) 

As- 
sumed 
correc- 
tion for 
bed  and 
bedding. 


id) 


Heat 
elimi- 
nated, 
meas- 
ured. 


Amount 
of  heat 
pro- 
duced, 
6+  c+d. 


(f) 


(.9) 


Carbon 

Carbon 

dioxid    per  100 

e  imi^  ^^I^^ 
of  en- 
ergy, 
100/^e. 


nated. 


Rest  Experiments — Con. 

'  Experiment  No.  60,  with 
B.  F.  D.,  carbohydrate 
diet — Continued . 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours. . 

Total,  12  hours. 

Total,  24  hours. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours.. 


1  p.  m.  to  4p.m. 
4  p.  m.  to  7  p.  m. 


Total,  6  hours.. 
Total,  12  hours. 


7  p.  m.  to  10  p.  m. 
10  p.  m.  to  1  a.  m. 


Total,  6  hours 


1  a.  m.  to  4  a.  m 
4  a.  m.  to  7  a.  m. 


Total,  6  hours.. 
Total,  12  hours. 
Total,  24  hours. 


7  a.  m.  to  10  a.  m . 
10  a.  ra.  to  1  p.  m . 


Total,  6  hours. 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


Total,  6  hours. . 
Total,  12  hours 


7  p.  m.  to  10  p.  m . 
10  p.  m.  to  1  a.  m. 


Total,  6  hours. 


1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours.. 

Total,  12  hours. 

Total,  24  hours. 


Experiment  No.  IS,  with 
A.  L.  L.  carbohydrate 
diet. 


7  a.  m.  to  10  a.  m  . 
10  a.  m.  to  1  p.  m . 


-1-0.14 
-I-  .47 


Cals. 
+  7.8 
-1-26.0 


Cals. 


CaU. 

203.1 

204.2 


Cals. 
210.9 
230.2 


Grams. 
63.9 
72.8 


+  .61 


-1-33.8 


441.1 


-1-  .72 


-1-39.8 


+30 


1,041.1 


-I-  .23 


-1-12.7 


2,213.3 


2,226.0 


1.7 


-30 


367.7 
303.9 


336.0 
297.3 


-  .15 


-  8.3 


-30 


671.6 


633.3 


-  .01 
-t-  .06 


-  .5 
+  3.3 


302.2 
298.2 


301.7 
301.5 


+  .05 


+  2.? 


600.4 


603.2 


-  .10 


-  5.5 


-30 


1,272.0 


1,236.5 


.11 
.38 


-  6.1 
-21.0 


-  .49 


-27.1 


+30 
+30 


344.9 
218.8 


338.8 
227.8 


56,3.7 


566.6 


+  .11 
+  .37 


+  6.0 
+20.5 


184.7 
180.5 


190.7 
201.0 


+26.5 


365.2 


391.7 


-  .01 


+30 


928.9 


958.3 


-  6.1 


2,200.9 


2,194.8 


+  .10 
-  .04 


+  5.5 
-  2.2 


-30 


376.6 
317.0 


+  .06 


+  3.3 


-.30 


693.6 


-  .05 
+  .31 


-  2.8 
+  17.2 


310.0 
317.3 


.26 


+14.4 


627.3 


+  .32 


-30 


1,320.9 


-  .28 

-  .36 


.64 


-15.5 
-19.9 


+30 


338.2 
229.5 


-a5.4 


+30 


567. 7 


+  .01 
+  .40 


+  .6 
+22.1 


195.0 
185.9 


+  .41 


+22.7 


380.9 


-  .23 


-12.7 


+30 


948.6 


.09 


+  5.0 


2,269.5 


-30 


337.7 
295.6 


Total,  6  hours. 


-.34 


-20.5 


-30 


633. 3 


352. 1 
314.8 


307.2 
334.5 


641.7 


1,308.6 


322.7 
239. 6 


562.3 


195.6 
208.0 


403.6 


965.9 


136.7 


Grams. 
30.3 
31.6 

31.0 


340.8 


770.7 


32.7 
34.6 


124.9 
102.7 


227.6 


108.6 
99.5 


208.1 


435. 7 


126.9 
70.9 


197.8 


64.1 
63.8 


127.9 


325.7 


761.4 


118.5 
116.3 


234.8 


113.7 
123.5 


237.2 


472.0 


118.8 
82.6 


201.4 


64.9 
69.5 


134.4 


33s.  8 


2,274.5 


807.8 


113.1 
86.0 


582.8 


199.1 


37.2 
34.5 


35.9 


.36.0 
33.0 


34.5 
35.3 


37.5 
31.1 


34.9 


33.6 
31.7 

32.7 

34.0 

34.7 


33.7 
36.9 


35.2 


37.0 
36.9 


37.0 
36.1 


36.8 
34.5 


35.8 


33.2 
33.4 


33.3 
34.8 
35.5 


34.2 


201 


Table  89. — Amount  of  heal  produced,  and  ratio  of  heat  to  carbon  dioxid — Continued. 


Date. 

Period. 

(o) 
Rise 
(  +  )  or 

fall 
(-)  of 
body 
tem- 
pera- 
ture. 

(6) 
Gain 
(  +  )  or 
loss  (-) 
of  body 

heat 
(0.8.3OX 

w). 

(c) 

As- 
sumed 
correc- 
tion for 
bed  and 
bedding. 

Heat 
elimi- 
nated, 
meas- 
ured. 

(«)  • 

Amount 
of  heat 
pro- 
duced . 
b+c+d. 

(/) 

Carbon 
dioxid 
elimi- 
nated. 

(9) 

Carl  X)  11 
dioxid 
per  100 
calorics 
of  en- 
ergy, 
100/-^e. 

1904. 
Apr.  2;i-24 

Apr.  21-25 
Apr.  2.5-2(1 

Rest  Experiments— Con. 

Experiment  No.  Go.  with 
A.  L.  L.,  carbohydrate 
diet — Con  tinned . 

I  p.  m.  to  4  p.  m  

°  C. 

Cats. 

CaU. 

Cals. 
293.1 
336.5 

Cals. 

Grams. 
110.5 
96.5 

Grams. 

4  p.  m.  to  7  p.  ni  

Total,  6  hours  

Total,  12  hoiirs  

7  p.  in.  to  10  )).  m  

—0. 16 

—  9.6 

629.6 

620.0 

207.0 

.33. 4 



-  ..50 

-30.1 

-30 

1,262.9 

1,202.8 

406.1 

33.8 

+  .05 

+  3.0 

337.6 
343.2 

340.6 

119.9 
126.8 

10  p.  in.  to  1  11.  in  

+30 

Total,  0  hours  

+30 

680.8 

246.7 

1  a.  m.  to  4  a.  m  

261.2 
24S.4 

84.9 
77.4 

4  a.  m.  to  7  a.  in  



509.6 

162.3 

Experiment   Xo.  6ft,  with 
A.  L.  L.,  carbohydrate 
diet. 

'i  a.  in.  to  10  a.  in  

+  .11 

—  .39 

~-—  = 

+  6.6 

+30 

1,190.4 

1,227.0 

409.0 

33.3 

—23. 5 

2,453.3 

2, 429. 8 

815.0 

33.5 

-  .39 

-23.6 

-30 

401.8 
348.5 



342.8 

1.30. 3 
119.0 

37.4 

Total,  0  hours  

—30 

750.3 

249.3 

1  p.  m.  to  4  p.  m  

328.8 
3.38.6 

113.7 
118.6 

4  p.  m.  to  7  p.  in  

—  .28 

—17.0 

321.6 

36.9 

667.4 

232.3 

"Total,  12  hours  

7  p.  111.  to  10  p.  in  

-  .61 

-37.0 

-30 

1,417.7 

1,350.7 

481.6 

35.7 

-1-  .11 

-1-  6.7 

309.2 
246.1 

315.9 

107.2 
97.1 

3.3.9 

11)  ]).  m.  to  1  a.  in  

+30 

+30 

555.3 

204.3 

1  a.  m.  to  4  a.  in  

244.2 
253.3 

74.6 
79.2 

4  a.  III.  to  7  a .  in  

Total,  fi  hours  

497.5 

153.8 

+  .22 

+13.3 

+30 

1,052.8 

1,096.1 

358.1 

32.7 

—  .39 

-23.6 

2,470.5 

2,446.9 

839.7 

34.3 

Experiment  No.  67,  with 
A.  L.  L.,  carbohydrate 
diet. 

7  a.  ni.  to  10  a.  in  

10  a.  m.  to  1  p.  m  

+  .17 
-  .17 

+10.3 
-10.3 

-30 

433.5 
401.3 

413.8 
391.0 

150.1 
138.3 

36.3 
35.4 

Total,  ()  hours  

-30 

834.8 

804.8 

288.4 

35.8 

1  p.m.  to  4  p.  m  

+  .39 

—  .06 

+23.5 
-  3.6 

362.6 
397.6 

386.1 
394.0 

137.4 
138.7 

35.6 
35.2 

Total,  B  hours  

+  .33 
-1-  .33 

+  19.9 
+  19.9 

760.2 
1,595.0 

780.1 

276.1 

35.4 

7  p.  m.  to  10  p.  m  

-30 

1,584.9 

564.5 

35.6 

322.3 
278.6 

322.3 

117.9 
115.1 

36.6 

10  p  m.  to  1  a.  m  



+30 

Total,  6  hours  

+30 

600.9 

233.0 

Table  89. — Amount  of  heat  produced,  and  ratio  of  heat  to  carbon  dioxid — Continued. 


Date. 

Period. 

(a) 
Rise 
(+)  or 

fall 
(-)  of 
body 
tem- 
pera- 

(6) 

Gain 
(+)  or 
loss  (— ) 
of  body 

heat 
(0.83ax 
w). 

(c) 

As- 
sumed 
correc- 
tion for 
bed  and 
bedding. 

(d) 

Heat 
elimi- 
nated, 
meas- 
ured. 

(c) 

Amount 
of  heat 
pro- 
duced, 
6+  c+d. 

(/) 

Carbon 
dioxid 
elimi- 
nated. 

KifJ 

Carbon] 
dioxid 
per  100 
calories 
of  en- 
ergy, 
100/-He. 

1904. 
Apr .  25-26 

Apr.  26-27 

Apr.  27-28 
Apr.  28-29 
Apr.  29-30 

Rest  Experiments— Con. 

Experiment  No.  67,  with 
A.  L.  L.,  carbohydrate 
diet — Continued. 

1  fl.  Tn  tn  4  fi._  m 

te. 

Cats. 

CaU. 

Cats. 
241.6 
217.5 

CaU. 

Grams. 
78.3 
75.7 

GTdTTlSm 

4     m  _  to  7  n._  m  i   

Total  6  hours 

 ^  

459. 1 



154.0 

Total  12  hours 
Total,  24  hours  

-0. 16 

-  9.7 

+30 

1,060.0 

1,080.3 

387.0 

35.8 

+  .17 

-f-10.3 

2, 655. 0 

2, 665. 3 

951.5 

35  7 

7  a.m. to  10  a. m  

10  a.  m..to  1  p.  m  

+  .27 

+  16.3 

—30 

456. 2 
42l!l 

442.5 

155.8 
136.9 

35  2 

Total,  6  hours  

-30 

877.3 

 |..  292.7 

1  p.m. to  4 p. m  

1 

■■ 

438  2 
383!  7 

165.4 
132.5 

4  p  m  to  7  p  m 

Total  6  hours 

821.9 

297.9 

Total,  12  hours  

—30 

1 , 699. 2 

590.6 

7  p.m.  to  10  p.  m  

303. 6 
268^8 

112.1 
101.8 

10  p.m.  to  1  a.  m  

+30 

Tntiil  fi  linnr.*? 

+30 

572.4 

213.9 

1  a.  m.  to  4  a.  m  

235.0 
215.3 

73.3 
74.3 

A.  a   Tn   "tci  1  Q  TTi 

450.3 

147.6 

Total,  12  hours  



+30 

1,022.7 

361.5 

Total,  24  hours  

+  .05 

-1-3.0 

2, 721. 9 

2,724.9  1  952.1 

34  9 

Work  Experiments. 

MjX'pertTiieTit  jVo.  jo,  wiiit 
J.  C.  W.,  fat  diet. 

7  a.  m.  to  1  p.  m  

1  p.m.  to  7  p. m  

+  .67 

+42.2 

—30 

2  003. 7 

l!985!6 

2,015.9 

693.7 
680.9 

34  4 

Total,  12  hours  

-30 

3,989.3 

1,374.6 

7  p.m.  to  1  a.  m  

+30 

777.9 
527.9 

237.7 
163.3 

1  a.m.  to  7  a.  m  

Total,  12  hours  

+30 

1,305.8 



401.0 

Total,  24  hours  

7  a.m. to  1  p. m  

-  .55 

-34.6 

5, 295. 1 

5,260.5  1,775.6 

33  8 

1 

-30  1  2.203.0 

754.3 
654.2 

1  p.  m.  to  7  p.  m  

1,966.1 

Total,  12  hours  

-30  4,169.1 

1,408.5 

7  p.m.  to  1  a.  m  

+30 

737.2 
527.1 

239.6 
165.5 

1  a.m.  to  7  a. m  

Total,  12  hours  

+30 

1,264.3 

405.1 

Total,  24  hours  



-H  .39  1  -1-24.6 

5, 433. 4 

5,458.0  1,813.6 

33.2 

7  a.m. to  1  p. m  

-30 

1, 852. 5 
2,011.5 

618.2 
684.1 

1  p.  m.  to  7  p.  m  

Total,  12  hours  

-30 

3,864.0 

1,302.3 
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Table  89. — Amou  nt  of  heat  produced,  and  ratio  of  heat  to  carbon  dioxid — Continued. 


Date. 

Period. 

(a) 
Rise 
(  +  )  or 

fall 
(-)  of 
body 
tem- 
pera- 
ture. 

(6) 
Gain 
(  +  )  or 
loss  (— ) 
of  body 

heat 
( 0.83a  X 

w). 

(c) 

As- 
sumed 
correc- 
tion for 
bed  and 
bedding. 

(d) 

Heat 
elimi- 
nated, 
meas- 
ured. 

(«) 

Amount 
of  heat 

pro- 
duced, 
6+c+d. 

if) 

Carbon 
dioxid 
elimi- 
nated. 

(?) 

Carbon 
dioxid 
per  100 
calories 
of  en- 
ergy, 
100/-He. 

1904. 
Apr.  29-30 

May  7-8 
May  8-9 
May  9-10 

Work  Experiments— Con. 

Experiment  No.  56,  with 
J.  C.  W.,fat  diet—Con. 

7  n  ni.  tn  1  n,.  m  _  _   

Cats. 

Cats. 
+30 

Cats. 
726.3 
533.6 

Cals. 

Grams. 
232.8 
162.3 



Grams. 

+30 

1,259.9 

395. 1 

Total.  24  hours  

-0.11 

-  6.9 

5,123.9 

5,117.0 

1, 697. 4 

33.2 

Experiment  No.  S7,  with 
J.  C.  W.,  carbohydrate  diet. 

-30 

2, 225. 4 
2, 120. 1 

852.3 
781.6 

1  p.  m.  to  7  p.  in  

Total,  12  hours  

-  .11 

-  7.0 

-30 

4,345.5 

4,308.5 

1,633.9 

37.9 

+30 

762.2 
474.7 

281.1 
■  177.9 

Total,  12  hours  

Total,  24  hours  

-1-  .27  +17.2 

+30 

1, 236. 9 

1, 284. 1 

•459.0 

35.  7 

+  .16  +10.2 

5, 582. 4 

5, 592. 6 

2,092.9 

37.4 

7  a.  ni.  to  1  p.  m  

1  p.  in.  to  7  p.  m  

+  .34 
+  .16 

+21.6 
+10.  2 

-30 

1,964.4 
2,089.8 

1,956.0 
2, 100.  0 

723.3 
784.7 

37.0 
37.4 

Total,  12  hours  

7  p.  ni.  to  1  a.  Ill  

+  .50 

+31.8 

-30 

4, 054.  2 

4, 056.  0 

1, 508.  0 

37.  2 

+30 

820.9 
502.6 

306.3 
174.5 

1  a.  m.  to  7  a.  Ill  

Total,  12  hours  

Total,  24  hours  

-  .61 

-38.8 

+30 

1, 323.  5 

1,314.  7 

480.8 

36.  6 

-  .11 

-  7.0 

5, 377.  7 

5,370.7 

1,988.8 

37.0 

7  a.  111.  to  1  p.  Ill  

^30 

2, 486.  9 
1,649.  3 

909.2 
598.5 

1  p.  III.  to  7  p.  m  

190.5. 
Jan.  30-31 

Total.  12  hours  

7  p.  in.  to  la.  ni  

+  .39 

+24.8 

-30 

4, 136.  2 

4, 131. 0 

1, 507.  7 

36.  5 

+30 

721.0 
486.  8 

271.2 
174.1 

1  a.  III.  to  7  a.  Ill  

Total,  12  hours  

Total,  24  hours  

-  .44 

-28.0 

+30 

1,207.  8 

1,209.  8 

445.3 

3fi.  8 

-  .05 

-  3.2 

5, 344.  0 

5, 340.  8 

1,9.53.0 

36. 6 

Experimcnl  Xn.  i-t.  irith 
B.  F.  D..  lurl/ulii/drate 
diet. 

7  a.  111.  tn  10  a.  m  

-30 

902.5 
1,084  5 

363.7 
396.5 

10  a.  111.  to  1  p.  Ill  

1 

-30 

1,987.0 

760.2 

1  p.  in.  to  4  p.  ni  

790.4 
673.2 

267.5 
211. 1 

4  p.  ni.  to  7  p.  m  

1, 463.  6 

478.  6 

-30 

3, 450.  6 

1,238.8 

7  p.  m.  to  10  p.  in  

361.0 
253.6 

118.0 
89.7 

10  p.  ill.  to  1  a.  m  

+30 

+30 

614.6 

207.  7 
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Table  89. — Amount  of  heat  producoS,  and  ratio  of  heat  to  carbon  dioxid — Continued. 


Period. 


Work  Experiments — Con 

Experiment  No.  61,  with 
B.  F.  D.,  carbohydrate 
diet — Continued. 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours . . 
Total,  12  hours. 
Total,  24 hours. 


Experiment  No.  62,  with 
A.  L.  L.,  carbohydrate 
diet. 


7  a.  m.  to  10  a.  m. 
10  a.  m.  to  1  p.  m. 


Total,  6  hours. 


1  p.  m.  to  4  p.  m. 
4p.  m.  to  7  p.  m. 


Total,  6  hours. . 
Total,  12  hours. 


7  p.  m.  to  10  p.  m. 
10  p.  m.  to  1  a.  m. 


Total,  6  hours. 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6 hours.. 
Total,  12  hours. 
Total,  24  hours. 


7  a.  m.  to  10  a.  m . 
10  a.  m.  to  1  p.  m. 


Total,  6 hours. 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


Total,  G  hours. . 
Total,  12  hours. 


7  p.  m.  to  10  p.  m . 
10  p.  m.  to  1  a.  m . 


Total,  6  hours . 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours. . 
Total,  12  hours. 
Total,  24 hours. 


(a) 
Rise 
(+)  or 

fall 
(-)  of 
body 
tem- 
pera- 
ture. 


-0.  77 


-+  .61 
-  .28 


+  .33 


(6) 

Gain 
(+)  or 
loss  (— ) 
of  body 

heat 
(0.83oX 
w). 


Cals. 


(c) 

As- 
sumed 
correc- 
tion for 
bed  and 
bedding. 


Cals. 


-1-30 


-30 


-30 


-30 


4-30 


4-30 


4-30 


-48.  2 


4-38.2 
-17.5 


4-20.7 


3.8 


-30 


-30 


4-30 


4-30 


(d) 

Heat 
elimi- 
nated, 
meas- 
ured. 


Cals. 
261.7 
238.1 


499.8 


1,114  4 


4, 565.  0 


890.5 
932.6 


1, 823. 1 


877.7 
927.8 


1,805.5 


3, 628.  6 


356.3 
331.1 


687.4 


257.5 
228.8 


1,173.7 


4, 802.  3 


931.1 
955.2 


6.3 


852.4 
869.1 


1,721.5 


3, 607. 8 


367.9 
317.3 


685.2 


266.3 
250.5 


516.8 


4-30  1,202.0 


4, 809.  8 


(e) 

Amount 
of  heat 
pro- 
duced, 
b+c+d. 


Cals. 


907.0 


Carbon 
dioxid 
elimi- 
nated. 


Carbon 
diox  d 
per  ICO 
calor'es 
of  en- 
ergy, 
100/-;-e. 


Grams.  .  Grams. 

82.  5  '  

70.6  '  


153.1 


360.8 


1, 599.  6 


337.5 
311.7 


9.2 


319.6 
323.7 


643.3 


1,292.  5 


113.9 
114  5 


228.4 


94  4 
80.6 


175.0 


40a4 


1, 095.  9 


342.3 
332.9 


675.2 


890.6 
851.6 


322.3 
314  7 


1,742.2  I  637.0 


138.9 
107.8 


246.  7 


81.8 
83.7 


165.  5 


1,22a  2  '  412.2 


1, 724  4 


36.fi 


33.  ( 
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Table  89. — Amount  of  heal  produced,  rind  ratio  of  heat  to  carbon  dioxid — Continued. 


Date. 


Period. 


Work  Experimknts— Con 

Experiment  No.  ill,  with 
A.  L.  L..  carbohydrate 
diet — Con. 


7  a.  m.  to  10  a.  in. 
10  a.  m.  to  1  p.  m. 


Total,  6  hours. 


1  p.  m.  to  4  p.  ni. 
4  p.  m.  to  7  p.  m . 


Total,  fi  hours. . 
Total,  12  hours . 


7  p.  m.  to  10  p.  m. 
10  p.  m.  to  1  a.  in . 


(a) 
Rise 
(  +  )  or 

fall 
(-)  of 
body 
tem- 
pera- 
ture. 


°C. 
+0.73 


4-  .22 


.22 


+  .06 


Total,  t;  hours. 


1  a.  m.  to  4  a.  in . 
4  a.  m.  to  7a.m. 


Total,  6  hours. . 
Total,  12  hours. 
Total,  24  hours. 


Experiment  No.  63,  vith 
A.  L.  L.,fat  diet. 


7  a.  m.  to  10  a.  m. 
10  a.  m.  to  1  p.  m. 


Total,  6  hours. 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


Total,  ti  hours. . 
Total,  12  hours. 


7  p.  m.  to  10  p.  m. 
10  p.  in.  to  1  a.  m. 


Total,  6  hours. 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m . 


Total,  6  hours. . 
Total,  12  hours. 
Total.  24  hours. 


7  a.  in.  to  10  a.  m. 
10  a.  m.  to  1  p.  m. 


Total,  6  hours. 


1  p.  m.  to  4  p.  ra. 
4  p.  m.  to  7  p.  m. 


Total,  fi  hours. . 
Total,  12  hours. 


.05 


-I-  .11 


+  .73 


-  .16 


+  .44 
-  .33 


+  .11 


-  .05 


+  .17 


+  .33 


+  .28 


+  .11 

-  .33 


.22 


-I-  .22 
-  .39 


(&) 

Gain 
(+)  or 
loss  (-) 
of  Ijody 

heat 
(O.SSaX 
w). 


Cats. 
+  45.7 
-55.7 


-10.0 


+  13.8 


+  13.8 


+  3.8 


-  7.0 


+  3.1 


+44.5 
-54.2 


-  9.7 


+26.8 
-20.1 


+  6.7 


-  3.0 


+  10.4 


+20.1 


+  17.1 


+  6.7 
-20.1 


-13.4 


+  13.4 
-23.8 


..39 


-10.4 


-23.8 


(c) 

As- 
sumed 
correc- 
tion for 
bod  and 
bedding. 


Cats. 
-30 


-30 


-30 


+30 


+30 


+30 


-30 


-30 


-30 


+30 


+30 


+30 


-30 


-30 


-30 


(d) 


Heat 
elimi- 
nated, 
meas- 
ured. 


Cals. 
879.8 
979.9 


1, 859. 7 


944.3 
824.2 


.Vmount 
of  heat 

pro- 
duced, 
b+c+d. 


Cals. 
895.5 
924.2 


1,819.7 


958.1 
824.2 


1,768.5 


3,628.2 


389.3 
308.2 


697.5 


275.9 
250.7 


526.6 


1,224.1 


4, 852. 3 


940. 1 
946.4 


1,886.5 


960.  4 
842.7 


r,  803.-1 


407.3 
315.0 


722.3 


275.2 
259.6 


534.8 


1,257. 1 


4,946.7 


976.2 
977.8 


1,954.0 


862.6 
810.0 


1,672.6 


3,626.6 


1.782.3 


3, 602. 0 


382.3 


1,257.2 


4,8.59.2 


954.6 
892.  2 


1.846.8 


987.2 
822.6 


1,809.8 


3, 656. 6 


417.7 


(/) 


Carbon 
dioxid 
elimi- 
nated. 


rarl>on 
dioxid 
per  100 
calories . 
of  en- 
ergy, 
100/-T-e. 


Grams . 
330.8 
326.8 


657.6 


335.9 
292.3 


628.2 


1, 285. 8 


150.8 
93.0 


243.8 


85.8 
86.6 


172.4 


416. 2 


1,702.0 


329.  3 
301.3 


322. 1 
256.  5 


578. 


1, 209. 2 


122.2 
104.0 


1,307.2 


4,963.8 


952.9 
957.7 


1, 910. 6 


876.0 
786.2 


2.2 


3, 572. 8 


83.7 
82.6 


166.  3 


392.5 


1,601.7 


321.4 
303.2 


624.6 


301  2 
263.3 


564.5 


1, 189. 1 


Grams. 
36. » 
35.4 


36.1 


35.1 
35.5 


35.2 
35.7 
39.4 


33.1 
3.5.0 


34.  5 
.33.8 


34.1 


32.6 
31.2 


32.0 
3.3.1 
29.3 


30.0 
32.3 


33  7 
31.7 


32.7 


34.4 
33.5 


.34.0 

33.3 
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Table  89. — Amount  of  heat  produced,  and  ratio  of  heat  to  carbon  dioxid — Continued. 


Date. 


Period. 


(a) 
Rise 
(  +  )or 

fall 
(-)of 
body 
tem- 
pera- 
ture. 


(6) 
Gain 
(  +  )  or 
loss  (— ) 
of  body 

heat, 
(0.83aX 
•  w). 


(c) 

As- 
sumed 
correc- 
tion for 
bed  and 
bedding. 


id) 


Heat 
elimi- 
nated, 
meas- 
ured. 


(e) 

Amount 
of  heat 
pro- 
duced, 
b+c+d. 


(/) 


Carbon 
dioxid 
elimi- 
nated. 


Carbon 
dioxid 
per  100 
calories 
of  en- 


1905. 
Apr.  20-21 


Apr.  21-22 


Apr.  22-23 


WOEK  EXPEEIMENTS — Con 

Experiment  No.  03,  with 
A.  L.  L.,  fat  diet— Con. 

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  


°C. 
-1-0.17 


Cats. 
+  W.  4 


Total,  6  hours. 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours. . 
Total,  12  hours. 
Total,  24  hours. 


-I-  .28 


+  17.1 


-  .  11 


7  a.  m.  to  10  a.  m. 
10  a.  m.  to  1  p.  m. 


+20.1 
-30.5 


Total,  6  hours. 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


+  .73 
-  .01 


+44.5 
-37.1 


Total,  C  hours. . 
Total,  12  hours. 


+  .12 


7.3 


-  .05 


3.0 


7  p.  m.  to  10  p.  m. 
10  p.  m.  to  1  a.  m. 


.06 


-3.7 


Total,  fi  hours. 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours. . 
Total,  12  hours. 
Total,  24  hours. 


+  .11 


+  6.7 


+  .06 


3.7 


Severe  Work  Experi- 
ment. 

Experiment  No.  64,  vith 
A.  L.  L.jfat  diet. 

7.  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  


+  1.11  +66.5 
1.22  -73.1 


Total,  6  hours. 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


+  .44 


Total,  6  hours. . 
Total,  12  hours. 


7  p.  m.  to  10  p.  m . 
10  p.  m.  to  1a.m. 


Total,  6  hours. 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to' 7  a.  m  . 


Total,  6  hours. . 
Total,  12  hours. 
Total,  24  hours. 


+  .11 


6.6 


+26.4 


+  6.6 


Cals. 
"'+36 


Cals. 
369. 
337. 


Cals. 
379. 5 


Grams. 
123.8 
109.8 


706. 2 


233.6 


292. 
275. 


70.2 
88.0 


568.0 


158.2 


+30 


1, 274. 2 


1, 321. 3 


391.8 


4,900.8 


4, 894. 1 


1,.580.9 


-30 


859. 
931. 


850.0 
900.8 


307.3 
287. 3 


-30 


1, 791. 2 


1, 750. 8 


594.6 


917. 

842. 


901.8 
805. 6 


321.4 
262.8 


1,760.0 


1,767.3 


584.2 


-30 


3,551.2 


3, 518. 2 


1,178.8 


364.  i 
341. 


361.1 


124.8 
107.1 


706. 2 


231.9 


+30 


283. 
282. 


86.5 
81.2 


+30 


565. 2 


167.7 


+30 


1,271.4 


.399.6 


4, 822.  6 


1, 578.  4 


-30 


1, 047. 5 
993.4 


1, 084. 0 
920.3 


368.5 
304.7 


-30 


2, 040. 9 


2,004.3 


673.2 


1,139.0 
1,001.5 


1,165.4 


392.1 
336.4 


2, 140. 5 


728.5 


-30 


4, 181.  4 


1, 401.  7 


+30 


1,121.6 
857.0 


384.0 
249.7 


+30 


1,978.6 


633.  7 


682.9 
293. 8 


223.  4 
85.2 


+.30 


976.  7 


2, 955.  3 
7, 136. 7 


7, 143.  3 


308.6 
942.3 
2, 344. 0 
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The  figures  in  column  b  are  obtained  by  multiplying  together  the 
specific  heat  of  the  body  (0.83),  the  change  in  body  temperatiire  for 
the  period  given  in  column  a  and  the  body  weight  found  in  Table  122 
of  the  Appendix.  The  values  in  column  c  are  the  estimated  amount 
of  heat  a])sorbed  or  liberated  by  the  bed  and  bedding  in  certain 
periods.  Column  d  shows  the  amount  of  heat  actually  measured  by 
the  calorimeter.  The  algebraic  sum  of  the  values  in  columns  h,  c, 
and  d  gives  what  is  here  designated  as  the  amount  of  heat  produced 
in  column  e. 

In  some  of  the  experiments  the  data  for  the  rise  or  fall  of  body 
temperature  are  lacking;  hence  the  actual  heat  production  can  not  be 
computed,  although  this  is  more  especially  true  for  the  shorter 
periods,  the  temperature  changes  for  the  total  twenty-four  hours 
having  been  quite  generally  ascertained.  It  is  worthy  of  note  that 
the  temperature  differences  for  these  periods  are  considerable,  show- 
ing that  the  assumption  formerly  made  that  the  body  temperature 
was  the  same  each  morning  at  7  a.  m.  was  erroneous.  The  figures  in 
column  h  show  that  considerable  allowance  must  be  made  for  such 
changes.  In  the  shorter  periods,  also,  the  variations  in  temperature 
cause  very  important  differences  between  the  measurement  of  heat 
eliminated  and  the  quantity  actually  produced.  For  example,  in 
experiment  No.  58,  on  November  11,  the  body  was  0.7°  cooler  in  the 
period  from  1  to  7  a.  m.  than  in  the  preceding  period,  indicating  that 
in  that  period  the  subject  had  eliminated  41.6  calories  of  heat  more 
than  it  had  actually  produced. 

Although  the  data  in  the  table  afford  a  valuable  clue  to  the  actual 
heat  production  as  compared  with  the  heat  elimination,  it  should  be 
remembered  that  the  corrections  given  are  hardly  more  than  approxi- 
mate, because,  as  previously  stated,  the  data  on  which  the  allowance 
for  heat  absorbed  and  eliminated  by  the  bed  and  bedding  depends  are 
as  yet  rather  meager.  Furthermore,  the  allowances  for  change  in 
store  of  body  heat  due  to  gains  or  losses  of  material  have  not  been 
made.  It  is  of  course  incorrect  to  neglect  changes  in  body  weight, 
especially  in  experiments  where  there  are  large  gains  or  losses  of  body 
material,  including  water;  but  the  computations  for  the  amount  of 
heat  involved  in  such  gains  or  losses  were  not  made,  because  in  these 
experiments — the  iirst  of  the  series  made  with  the  improved  form  of 
apparatus — the  technic  for  the  weighing  of  the  subject  was  by  no 
means  perfect,  and  it  is  not  at  all  improbable  that  the  computations  of 
the  amovmts  of  elements  and  compounds  gained  or  lost  by  the  body 
were  not  as  accurate  as  was  desired.  The  total  error  in  neglecting 
this  factor  is  not  very  large  as  compared  with  the  two  grosser  correc- 
tions for  which  allowance  has  been  made  in  the  table,  Init  for  ex- 
tremely accurate  work  allowance  should  also  be  made  for  these 
changes.  It  is  hoped  that  in  subsequent  experiments  the  record  of 
body  weight  gained  or  lost  and  the  computations  for  gains  or  fosses 
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of  body  material  will  render  possible  the  correction  for  heat  gamed  or 
lost  by  the  body  in  this  way. 

CARBON  DIOXID  THERMAL  QU£)TIENT. 

The  computation  of  the  ratios  between  the  carbon'dioxid  eliminated 
and  the  heat  produced  in  the  oxidation  of  protein,  fat,  or  carbohy- 
drates in  the  body — designated  as  the  carbon  dioxid  thermal  quo- 
tient— was  explained  in  a  previous  publication."  It  was  shown  that 
about  .39  grams  of  carbon  dioxid  are  produced  when  100  calories  of 
heat  are  liberated  by  the  oxidation  of  carbohydrates,  about  29.5 
grams  per  100  calories  by  the  oxidation  of  fat,  and  34.5  grams  per  100 
calories  in  the  case  of  protein. 

The  ratio  between  the  carbon  dioxid  and  heat  eliminated  in  any 
experiment  v/ith  man  affords  a  clue  as  to  the  nature  of  the  material 
burned.  For  example,  if  the  subject  was  subsisting  entirely  on  car- 
bohydrates the  carbon  dioxid  thermal  quotient  would  approach  39, 
but  the  quotient  could  never  actually  be  so  large,  because  there  is 
always  some  metaboHsm  of  protein  accompanying  carbohydrate 
metabolism  which  would  lower  the  quotient  toward  the  value  34.5. 
If  the  subject  were  subsisting  in  large  part  on  fat,  the  carbon  dioxid 
thermal  quotient  should  approach  29.5,  although  here  again  the  pro- 
tein metabolism  accompanying  the  fat  metabolism  and  the  practical 
impossibility  of  administering  a  diet  without  carbohydrates  would 
tend  to  raise  this  somewhat. 

For  the  computation  of  the  carbon  dioxid  thermal  quotient  the 
heat  production  should  be  used  rather  than  the  heat  elimination,  as 
distinguished  in  the  preceding  section.  In  Table  89,  in  which  the  heat 
production  was  computed,  the  carbon  dioxid  thermal  quotient  is  also 
recorded  for  different  periods  of  the  day  in  the  several  experiments. 
In  a  considerable  number  of  cases,  however,  it  was  not  possible  to 
estimate  the  heat  production,  owing  to  lack  of  data  for  the  necessary 
corrections.  In  these  cases  the  quotients  were  computed  from  the 
measurement  of  heat  eliminated.  The  average  carbon  dioxid  ther- 
mal quotients  for  the  different  experiments  and  for  the  different 
periods  are  given  in  Table  90. 

oU.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  136,  p.  170. 
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Table  90. — Average  carbon  dioxid  thermal  quotients,  metabolism  experiments  Nos.  56-58 

and  60-67. 


• 

Six-hour  periods. 

Twelve-hour 
periods. 

Twen- 

Kind and  subject  of  experiment. 

Dura- 
tion. 

7  a.  m. 

to 
1  p.  m. 

1  p.  m. 

to 
7  p.  m. 

7  p.  m. 

to 
1  a.  m. 

1  a.'m. 

to 
7  a.  m. 

7  a.  m. 

to 
7  p.  m. 

7  p.  m. 

to 
7  a.  m. 

ty-four 
hour 
period. 

Resi  experiments. 

No.  58,  with  H.  F.,  carbohydrate  diet 
No.  60,  with  B.  F.  D.,  carbohydrate 

Days. 
3 

3 

Grams. 
31.4 

a5.7 

Grams. 
37.1 

36.0 

Grams. 
34.  4 

34.9 

Grams. 
35.0 

32.3 

Grarr.!:. 
y..  & 

.•55.9 

Grams. 
34.6 

33.8 

Grams. 
34. 3 

34.9 

No.  65,  with  A.  L.  L.,  carbohydrate 
diet  

1 

34.2 

33.4 

"36.  2 

031.8 

a33.  8 

33.3 

33.5 

No.  66,  with  A.  L.  L.,  carbohydrate 
diet  

1 

033.2 

034.8 

a36.8 

O30.9 

3.5.7 

32.7 

34. 0 

No.  67,  with  A.  L.  L.,  carbohydrate 

2 

a33.9 

036.3 

o38. 1 

o33. 2 

035.1 

035.9 

35.3 

Average  Nos.  65,  66,  67   

4 

i>33.8 

035.2 

637.  3 

o32. 3 

634.9 

634.5 

34.6 

Average  Nos.  58,  60,  65,  66,  67. . . 

10 

(>33.7 

636.0 

635.7 

633. 1 

634.9 

634.3 

34.6 

Work  experiments. 

No.  56,  with  .T.  C.  W.,  fat  diet  

3 

(134.1 

033.9 

031.7 

o;j0.9 

034. 0 

"31.4 

33.4 

No.  57,  with  J.  C.  W.,  carbohydrate 
diet  

3 

037.2 

a36.9 

037.3 

o36.  0 

37.2 

36.4 

37.0 

No.  61,  with  B.  F.  D.,  carbohydrate 
diet  

1 

038.3 

o32.  7 

033.8 

0.30.6 

035.9 

032.4 

035. 0 

No.  62,  with  A.  L.  L.,  carbohydrate 
diet  

3 

fl36. 0 

035  8 

034  2 

035.4 

No.  63,  with  A.  L.  L.,  fat  diet  

3 

33.6 

33.0 

032.4 

029.5 

33^3 

30!  1 

32.4 

Average  Nos.  56,  57,  61,  62,  63. . . 

13 

635.4 

634. 8 

034. 0 

032.3 

635.1 

633.0 

634.6 

Severe  work  experiment. 

No.  64,  with  A.  L.  L.,  fat  diet  

1 

33.6 

O34.0 

O32.0 

031.6 

033.5 

031.9 

32.8 

Average  Nos.  56, 57, 61, 62, 63, 64 . 

14 

635.2 

634.7 

03.3.  9 

032.  3 

63,5. 0 

632.9 

634.5 

Average  all  experiments  

24 

634.6 

635.3 

634.6 

632.6 

635.0 

633.5 

634.5 

o  Calculated  from  heat  measured. 

6  Quotients  calculated  from  heat  measured  included  in  average. 


These  quotients  throw  an  interesting  hght  upon  the  nature  of  the 
material  burned  in  the  body  during  the  different  periods.  In  the 
rest  experiments  the  carbon  dioxid  thermal  quotients  for  the  twenty- 
four  hours  averaged  not  far  from  35,  thus  indicating  a  material  con- 
sumption of  fat  or  protein  as  well  as  carbohydrates.  During  the 
work  experiments  the  quotient  is  affected  by  two  factors,  the  nature 
of  the  diet  and  the  draft  upon  body  material.  In  experiment 
No.  56,  for  example,  the  quotient  is  33.4,  the  large  proportion  of  the 
energ}"  in  the  diet  being  derived  from  fat;  whereas  in  experiment 
No.  57,  in  which  the  diet  consisted  mainly  of  carbohydrates,  it  is  37.0. 
The  differences  between  carbohydrate  and  fat  diets  in  experiments 
Nos.  62  and  63  are  not  as  striking  as  in  experiments  Nos.  56  and  57, 
since  during  the  carbohydrate  diet  of  experiment  No.  62,  there  were 
considerable  drafts  upon  body  fat.  The  quotient  is,  however,  lower 
in  the  experiment  with  fat  diet  than  in  that  with  carbohydrate. 

^Mien  the  different  periods  of  the  day  are  taken  into  consideration, 
it  is  seen  that,  on  the  average,  the  quotient  is  lowest  in  rest  experi- 
ments during  the  first  and  last  6-hour  periods,  and  highest  during 
21482— No.  175—07  14 
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the  periods  from  1  p.  m.  to  7  p.  m.,  and  from  7  p.  m.  to  1  a.  m.  Dur- 
ing work  experiments,  the  quotient  is,  on  the  average,  the  lowest 
during  the  period  from  1  a.  m.  to  7  a.  m.,  while  on  the  other  periods 
it  is  practically  constant.  One  explanation  of  this  low  carbon  dioxid 
thermal  quotient  during  the  early  morning  period  may  be  that  there 
is  a  replacement  of  the  glycogen  in  the  body  by  the  oxidation  of  fat 
to  glycogen.  This  would  take  place  without  elimination  of  carbon 
dioxid  and  the  quotient  would  therefore  be  low. 

The  errors  affecting  the  computation  of  the  correct  carbon  dioxid 
thermal  quotient  are  those  pertaining  to  the  estimation  of  the  pro- 
duction of  heat  and  carbon  dioxid  for  short  periods.  As  has  been 
previously  explained,  the  measurements  of  heat  and  carbon  dioxid 
by  the  respiration  calorimeter  for  24-hour  periods  are  very  accurate, 
but  the  estimations  for  shorter  periods  involve  assumptions  that  are 
only  approximately  accurate;  yet  to  have  the  quotient  of  greatest 
value,  it  should  be  capable  of  accurate  computation  during  short 
periods,  since  it  is  during  these  periods  that  fluctuations  in  the  nature 
of  the  material  burned  are  of  the  greatest  significance.  With  the 
proposed  changes  in  manipulation,  some  of  which  have  been,  indeed, 
embodied  in  our  routine  at  the  time  of  %\'Titing,  the  acctiracy  of  the 
computation  of  this  most  ilnportant  ratio  will  be  considerably 
increased. 

RESPIRATORY  QUOTIENT. 

Other  relationships  between  the  four  prime  factors  determined  by 
means  of  the  respiration  calorimeter  are  those  between  the  carbon 
dioxid  and  the  oxygen,  between  the  oxygen  and  the  heat,  and  those 
including  the  water  elimination.  The  ratio  between  carbon  dioxid 
eliminated  and  oxygen  consumed,  commonly  called  the  respiratory 
quotient,  plays  such  an  important  r61e  in  the  estimation  of  energy  by 
the  indirect  method  in  investigations  with  other  forms  of  respiration 
apparatus  that  it  demands  special  discussion  here.  In  a  previous 
report  of  investigations"  in  which  the  respirator}^  quotient  was  com- 
puted the  oxygen  consumption  was  estimated,  but  in  the  experi- 
ments here  reported  it  was  actually  determined.  The  respiratory 
quotient  has  been  computed  for  periods  of  three  hours'  duration,  and 
also  for  twenty-four  hours;  indeed,  in  some  of  the  experiments  it 
could  be  ascertained  for  periods  of  six  to  ten  days.  The  data  are 
given  in  Table  1 14  of  the  Appendix. 

With  other  forms  of  apparatus  for  determining  this  ratio, -such  as 
those  of  Zuntz,  Loewy,  Chauveau,  and  Tissot,  the  experiments  are  in 
general  limited  in  duration  to  twenty  to  thirty  minutes.  For  the 
study  of  certain  problems  in  metabolism  short  experiments  are  per- 
haps of  more  value  than  those  of  much  longer  duration.    It  has  been 


oU.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  136,  p.  168. 


211 


possible  with  the  form  of  apparatus  here  described  to  make  determi- 
nations of  the  respiratory  quotient  for  periods  as  short  as  two  hours, 
althouo-h  the  shortest  here  reported  are  three  hours.  The  true  sig- 
nificance of  extremely  short  determinations,  however,  is  open  to 
question. 

Assuming  the  complete  oxidation  of  carbohydrates  to  carbon 
dioxid  and  water,  a  simple  computation  will  show  that  the  volume  of 
oxygen  required  to  oxidize  1  gram  of  the  carbohydrate  is  exactly 
that  of  the  carbon  dioxid  produced;  hence  the  respiratory  quotient, 
CO 

expressed  as  yy^j  '^vill  equal  1      The  material  to  be  oxidized  in 

carbohydrates  consists  of  carbon  and  hydrogen.-  There  is  sufficient 
oxygen  in  the  molecule  to  provide  for  the  complete  oxidation  of  the 
hydrogen;  hence  for  the  purposes  of  tliis  discussion  the  oxidation 
of  the  carbohydrate  may  be  considered  as  the  oxidation  of  carbon, 
so  that  for  every  volume  of  oxygen  consumed  by  the  oxidation  of 
pure  carbon  there  is  an  equal  volume  of  carbon  dioxid  produced. 

In  the  combustion  of  fats,  on  the  other  hand,  the  amount  of  oxygen 
in  the  molecule  is  such  as  to  correspond  to  the  oxidation  of  only  a 
portion  of  the  hydrogen;  consequently,  when  the  fat  molecule  is 
oxidized,  the  oxygen  absorbed  is  used  to  oxidize  not  only  carbon  to 
carbon  dioxid,  but  also  a  not  inconsiderable  portion  of  the  organic 
hydrogen  to  water.  Since  the  respiratory  gases  are  always  saturated 
with  water  vapor  at  the  temperature  of  the  body,  whether  their 
source  be  in  fat  or  carbohydrates,  the  water  vapor  may  be  ignored. 
A  computation  of  the  amount  of  oxygen  required  to  oxidize  1 
gram  of  fat,  and  the  amount  of  carbon  dioxid  resulting  from  the 
oxidation,  shows  that  the  volume  of  oxygen  absorbed  is  considerably 
larger  than  that  of  carbon  dioxid  eliminated,  the  respiratory  quotient 
being  for  fats  not  far  from  0.71." 

In  the  case  of  the  oxidation  of  protein  the  computation  of  the 
respiratory  quotient  is  somewhat  complex,  owing  to  the  fact  that 
a  certain  amount  of  carbon  and  hydrogen  of  the  protein  molecule  is 
excreted  unoxidized  in  the  urine.  From  the  best  available  data  it  is 
computed  that  the  respiratory  quotient  for  protein  is  not  far  from 
0.81.« 

It  is  therefore  apparent  that  the  respiratory  quotient  in  an  experi- 
ment with  man-  will  indicate  with  a  certain  degree  of  accuracy  the 
nature  of  the  material  burned  in  the  body.  For  example,  if  the  sub- 
ject were  subsisting  in  large  measure  upon  fat  the  respiratory  quo- 
tient should  approach  0.7,  while  if  the  diet  were  mainly  carbohydrate 
in  nature  the  respiratory  quotient  should  approach  1. 

Since  both  the  respiratory  and  carbon  dioxid  thermal  quotients  serve 
as  indices  of  the  nature  of  the  material  burned,  we  should  expect 
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to  find  them  agreeing  so  far  as  indicating  the  combustion  of  protein, 
fat,  or  carbohydrates  is  concerned.  The  respiratory  quotients  for 
the  experiments  here  reported  are  recorded  in  Table  91,  and  for 
purposes  of  comparison  the  carbon  dioxid  thermal  quotients  are 
likewise  given. 

Table  91. — Respiratory  and  carbon  dioxid  thermal  quotients,  metabolism  experiments 

Nos.  56-58  and  60-67. 


Kind  and  subject  of  experiment. 

Du- 
ra- 
tion. 

Carbon,  dioxid 
eliminated. 

Oxygen  con- 
sumed. 

(e) 

Res- 
pira- 
tory 
quo- 
tient 

(/) 

Total 
pro- 

(ff) 
Car- 
bon di- 
oxid 
ther- 
mal 
quo- 
tient 

(100 
a^f). 

(a) 
Weight. 

(6) 
Volume. 

(c) 
Weight. 

id) 
Volume. 

Rest  experiments. 

No.  5S,  with  H.  F.,  carbohydrate  diet. 
No.  BO,  with  B.  F.  D.,  carbohydrate 

diet  

No.  65,  with  A.  L.  L.,  carbohydrate 

diet  1  

No.  66,  with  A.  L.  L.,  carbohydrate 

diet  

No.  67,  with  A.  L.  L.,  carbohydrate 

diet  

Average  Nos.  65,  66,  67  

Average  Nos.  58,  60,  65,  66,  67. . . 

Work  experiments. 

No.  56,  with  J.  C.  W.,  fat  diet  

No.  57,  with  J.  C.  W.,  carbohydrate 

diet  

No.  61,  with  B.  F.  D.,  carbohydrate 

diet  

No.  62,  with  A.  L.  L.,  carbohydrate 

diet  

No.  63,  with  A.  L.  L.,  fat  diet  

Average  Nos.  56,  57,  61,  62,  63. . . 

Severe  work  experiment. 

No.  64,  with  A.  L.  L.,  fat  diet  

Average  Nos.  56,  57,  01,  62, 63,  64. 

Average  of  all  experiments  

Days. 
3 

3 

1 

1 

.  2 

Grams. 
659.6 

779.9 

815.0 

839.7 

951.8 

Liters. 
335.8 

397.1 

414.9 

427.5 

484.6 

Grams. 
555.5 

628.8 

729.2 

707.0 

794.5 

Liters. 
388.9 

440.2 

510.4 

494.9 

556.1 

0. 8635 
.9021 
.  8130 
.  8639 
.8713 

Cats. 
1,926 

2,232 

2,4.30 

2,447 

2,695 

Gms. 
34.3 

34.9 

33.  5 

34.  3 
35.3 

4 

889.6 

452.9 

756.3 

529.4 

.  8549 

2,567 

34. 6 

10 

787.7 

401.0 

657.8 

460.5 

.  8716 

2,274 

34.  6 

3 

3 

1 

3 
3 

1,762.2 

2,011.5 

1,599.6 

1,707.4 
1,587.0 

897.1 

1,024.1 

814.4 

869.3 
807.9 

1,571.9 

1,576.1 

1,309.1 

1,386.2 
1,439. 1 

1,100.3 

1,103.3 

916.4 

970.4 
1,007.4 

.8154 

.9282 

.8887 

.8958 
.8020 

5,279 

5,435 

14,565 

14,821 
4,895 

33.4 

37.0 

2  35.0 

=  35.4 
32.  4 

13 

1,754.2 

893.0 

1,479.2 

1,035.4 

.8625 

3  5,066 

134.6 

1 

2,344.0 

1,193.  3 

2,105.7 

1,474.0 

.8096 

7,143 

32.8 

14 

1,796.3 

914.5 

1,523.9 

1,066.7 

.8588 

3  5,214 

<34.5 

24 

1,376.1 

700.5 

1,163.0 

814.1 

.8641 

3  3,989 

*34.5 

1  Total  heat  measured. 

2 Calculated  from  heat  measured. 

3  Heat  measured  included  in  average  where  heat  produced  is  not  given. 
<  Quotients  calculated  from  heat  measured  included  in  average. 


During  the  rest  experiments  the  respiratory  quotient  averaged  not 
far  from  0.87.  With  mixed  diet  with  man  it  is  commonly  assumed 
that  the  respiratory  ciuotient  is  near  0.9.  The  reason  that  the  respira- 
tory quotients  in  the  rest  experiments  were  lower  than  0.9,  in  spite  of 
the  fact  that  the  diet  was  sufficiently  carbohydrate  in  nature  to  be 
designated  a  carbohydrate  diet,  is  that  in  all  these  experiments  there 
were  considerable  drafts  upon  body  fat.    With  work  experiments,  on 
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the  other  hand,  the  differenfes  between  fat  and  carbohydrate  diets, 
especially  in  the  case  of  experiments  Nos.  66  and  67,  are  rather  striking. 
In  those  experiments  in  which  the  fat  diet  was  taken  the  respiratory 
quotient  was  much  lower  than  in  the  experiments  with  the  carbohy- 
drate diet. 

In  general  the  carbon  dioxid  thermal  quotient  was  closely  parallel 
to  the  respiratory  quotient,  and  consequently  these  tw6  important 
ratios  are  in  a  certain  sense  conhrmatory. 

The  interpretation  of  the  respiratory  quotients  for  short  periods, 
esjjecially  in  these  earlier  experiments,  is  not  deemed  advisable  in  this 
tliscussion,  owing  to  the  difficulty  in  obtaining  accurate  figures  for 
both  factors  of  the  ratio  for  the  periods  from  10  p.  m.  to  1  a.  m.,  and 
from  7  a.  m.  to  10  p.  m.  It  may  be  stated  that  the  respiratory  ([uo- 
tients  for  short  periods,  which  are  given  in  detail  in  the  Appendix, 
Table  114,  are,  in  all  probability,  on  the  whole  not  far  from  correct. 
Subsequent  experiments  not  y.et  ready  for  publication  indicate  that 
the  respiratory  fjuotients  for  even  two-hour  periods  can  be  of  great 
significance  in  interpreting  the  nature  of  material  oxidized  during 
the  different  periods  of  the  day.  Recognizing  the  possible  sources  of 
error,  however,  w^e  do  not  deem  it  advisable  to  discuss  these  quotients 
in  this  place. 

COMPARISON  OF  FORMER  AND  PRESENT  METHODS  OF  COMPUT- 
ING GAIN  OR  LOSS  OF  BODY  MATERIAL  AND  ENERGY. 

The  increase  or  decrease  of  body  material  in  the  metabolism  experi- 
ments are  computed  from  the  gain  or  loss  of  elements  as  explained  in 
detail  on  page  71.  In  former  experiments,  in  which  nothing  was 
known  regarding  the  oxygen  consumption,  it  was  assumed  that  the 
glycogen  content  of  the  body  was  the  same  at  the  end  of  each  exjjeri- 
mental  day,  and  the  gain  or  loss  of  elements  was  ascribed  to  the  increase 
or  decrease  of  body  protein,  fat,  and  water.  In  the  present  experi- 
ments, in  which  the  amount  of  oxygen  consumed  was  actually  deter- 
mined, the  variations  in  the  quantity  of  glycogen,  as  well  as  of  the 
other  compounds  mentioned,  are  estimated.  A  comparison  of  the 
results  obtained  by  the  two  methods  of  calculation  is  interesting  in 
that  it  shows  imder  what  conditions  the  assumption  of  glycogen  equi- 
librium is  warranted.  The  former  and  the  present  methods  of  calcu- 
lating gains  and  losses  of  body  material  are  illustrated  in  the  following- 
tables  in  the  case  of  both  rest  and  work  experiments.  The  results  as 
formerly  calculated  are  shown  in  Table  92. 
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Table  92. — Gain  or  loss  of  body  materials  and  energy  as  formerly  calculated. 


Date. 

(a) 

Nitrogen 
gained 
(+)  or 

lost  (-). 

(6) 

Carbon 
gained 
(+)  or 
lost  (-). 

(c) 

Hydro- 
gen 
gained 
(+)  or 

lost  (-). 

(.d) 
Protein 
gained 
(+)  or 
lost  (-), 
aXO.O. 

(c) 

Carbon  in 
protein 
gained 
(+)  or  ■ 
lost  (-), 
dXO.528. 

C/J 

Carbon  in 
fat 
gained 
(+)  or 
lost  (-), 
b-e. 

(.g) 

Fat  - 
gained 
(+)  or 
lost  (-), 
/-v-0.761. 

1903. 

Rest  experiment  No.  58. 

Nov.  10  

Nov.  11  

Nov.  12  

Total,  3  days  

Average  per  day  

Work  experiment  No.  6J,. 

1904. 

Apr.  22  

Grams. 
-1.61 
-2. 22 
-2. 79 

Grams. 

-  34.62 

-  41.32 

-  52.36 

Grams. 
+24. 31 
-13.79 
-22.66 

Grams. 

-  9.66 
-13.32 
-16.  74 

Grams. 

-  5.10 

-  7.03 

-  8.84 

Grams. 

-  29.52 

-  34,29 

-  43.52 

Grams. 

-  38.79 

-  45.06 

-  57.19 

—6.02 

— 128, 30 

—  12. 14 

—39. 72 

—20. 97 

— 107. 33 

—  141.04 

-2.  21 

-  42.77 

-  4.05 

-13. 24 

-  6.99 

-  35.78 

-  47.01 

+2.42 

-194.  06 

+23. 80 

+  14.52 

+  7.67 

-201.73 

-265.09 

Date. 

\n) 

Hydro- 
gen in 

protein 
gained 
(+)  or 
lost  (-), 

dX0.07. 

Hydro- 
gen in 

fat 
gained 
(+)  or 
lost  (-), 
?X0.119. 

Hydro- 
gen in 
water 
gained 
(+)  or 
lost  (-), 
c-  (ft+i). 

Water 
gained 
(+)  or 

lost  (-■). 

i-r-0.1119. 

Energy  of 
protein 
gained 
(+)  or 

lost  (-), 
dX5.65. 

Energy 
of  fat 
gained 
(+)  or 
lost  (-), 
9X9.54. 

KO) 

Total  ■ 
energy 

from  ma- 
terial 
gained 
(+)  or 

lost  (-), 
m+n. 

1903. 

Rest  experiment  No.  68. 

Nov.  10  

Nov.  11  

Nov.  12  

Total,  3  days  

Average  per  day  

1904. 

Worlc  experiment  No.  64. 
Apr.  22  

Grams. 
-0.  68 
-  .93 
-1.17 

Grams. 

-  4.62 

-  5.36 

-  6.81 

Grams. 
+29.  61 
-  7.50 
-14.68 

Grams. 
+  264. 61 
-  67.02 
-131.19 

Calorics. 

-  55 

-  75 

-  95 

Calories. 

-  370 

-  430 

-  546 

Calories. 

-  425 

-  505 

-  641 

-2.78 

-16.79 

+  7.43 

+  66.40 

-225 

-1,346 

-1,571 

-  .93 

-  5.60 

+  2.48 

+  22.13 

-  75 

-  449 

-  524 

+  1.02 

—31.  55 

+  54. 33 

+  485.52 

+  82 

—2,529 

-2,447 

The  scheme  of  calculation  is  simple.  On  the  fost  day  of  the  rest 
experiment,  for  example,  there  was,  according  to  the  analyses  of  food, 
excreta,  and  respiratory  products,  a  loss  of  1.61  grams  of  nitrogen  and 
34.62  grams  of  carbon,  and  a  gain  of  24.31  grams  of  hydrogen.  The 
quantity  of  nitrogen  lost  corresponds  to  9.66  grams  protein,  shown  in 
column  d.  (In  this  case  the  nitrogen  was  multiplied  by  the  factor  6 
instead  of  6.25  as  formerly,  because  it  has  been  found  that  in  respect 
to  body  protein  this  factor  probably  more  nearly  represents  the  ratio 
between  the  nitrogen  and  the  total  protein.) 

From  data  regarding  the  elementary  analyses  of  animal  protein,  it  is 
assumed  that  the  body  protein  contains  52.8  per  cent  of  carbon;  hence 
the  amount  of  protein,  9.66  grams,  multiplied  by  0.528  gives  5.10 
grams  of  carbon  as  lost  in  the  protein,  shown  in  column  e.  The  total 
loss  of  carbon  was  34.62  grams,  as  shown  in  column  h.   The  difference 
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between  this  amount  and  that  lost  in  protein  gives,  in  column/,  29.52 
grams  as  the  quantity  of  carbon  supposed  to  have  been  lost  in  fat, 
since  it  was  assumed  that  there  was  no  gain  or  loss  of  glycogen. 
According  to  the  best  data  available,  fat  contains  76.1  per  cent  of 
carbon;  therefore  the  quantity  of  carbon  in  column  /  is  divided  by 
0.761,  which  gives  the  corresponding  amount  of  fat,  38.79  grams, 
shown  in  column  g. 

In  a  similar  manner  the  quantity  of  water  lost  in  the  body  is  ascer- 
tained. The  quantity  of  protein  lost  contained  0.68  gram  of  hydro- 
gen; that  of  fat  lost  4.62  grams.  The  sum  of  these  two  deducted 
(algebraically)  from  the  total  quantity  of  hydrogen  gained,  24.31 
grams,  is  the  quantity  of  hydrogen  in  water  gained,  which  is  equiva- 
lent to  a  gain  of  264.61  grams  of  water. 

The  amount  of  energy  in  protein  lost  is  calculated  by  the  use  of  the 
factor  5.65,  which  corresponds  to  the  heat  of  combustion  of  1  gram  of 
animal  protein.  The  factor  for  fat  is  9.54,  the  average  heat  of  com- 
bustion of  1  gram  of  body  fat.  The  values  obtained  from  these 
calculations  are  shown  in  columns  m  and  n,  and  their  sum  in  column 
0  represents  the  total  energy  of  material  gained  or  lost  by  the  body. 

The  amounts  of  body  materials  gained  or  lost  as  computed  by  the 
later  method  are  shown  in  Table  93. 


Table  93. — Gain  or  loss  of  body  materials  and  energy  as  calculated  in  the  experiments  here 

reported. 


Date. 

(a) 
Nitrogen 
gained  (+) 
orlost  (— ). 

(6) 
Carbon 
gained  (  +  ) 
orlost  (— ; . 

(e) 

Hydrogen 
gained  {+) 
orlost  (— ). 

«J) 
Oxygen 
gained 
(+ 1  or 
lost(-). 

(e) 
Protein 
gained  (+) 
or  lost  (—  ) , 
a  X6.0. 

Sf> 
Fat 

gained  (+) 

or  lost  (— ), 

=  +0.005C 

+9.63H 

-1.2210 

-2.476N. 

1903. 

Rest  experiment  Ao.  58. 

November  10  

November  11  

November  12  

Total,  3  days  

Average  per  day  

1904. 

Work  experiment  No.  6i. 
April  22  

Grams. 
-1.61 
-2.22 
-2.79 

Grams. 

-  34.62 

-  41.32 

-  52.36 

Grams. 
+24.  31 
- 13. 79 
-22.  66 

Grams. 
+236.  43 
-  56.55 
-135.  25 

Grams. 
-  9.66 
-13.32 
-16.  74 

Grams. 

-  49.24 

-  69.33 

-  47.86 

-6.02  -128.30 

-12. 14 

+  44.63 

-39.72 

-156.  43 

-2.21       -  42.77 

-  4.05 

-  14.88 

-13. 24 

-  52.14 

+2.42 

-194.06 

+23.80 

+290.74 

+  14.52 

-131.2G 
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Table  93. — Gain  or  loss  of  body  materials  and  energy  as  calculated  in  the  experiments 

here  reported — Continued. 


Date. 

(?) 
Water 
gained  (+) 
or  lost  (— ) , 
=  -1.248C 
+7.920H 
+0.128O 
+0.460N. 

(ft) 
Glycogen 
gained  (+) 
orlost  (— ), 
=  +  2.243C 
-16.613H 
+2.093O 
-2.892N. 

(i) 

Energy  of 

protein 
gained  (+) 
orlost  (— ), 
eX5.65. 

(i) 
Energy 
of  fat 
gained 
(+)  or 
lost  (-), 
/X9.54. 

(n 

Energy  of 
glycogen 
gained  (+) 
orlost  (— ), 
ftX4.19. 

(m) 
Total 
energj' 
from" 
materials 
gained  (+) 
orlost  (  — ) 
k+l+m. 

1903. 

Rest  experiment  No.  S8. 

November  10  •.  

November  11  

Total,  3  days  

Average  per  day  

1904. 

Work  experiment  No.  61^. 
April  22  

Grams. 
+265. 20 
-  65.91 
-132. 72 

Grams. 
+  17.99 
+  24.47 
-  16.00 

Calories. 

-  55 

-  75 

-  95 

Calories. 

-  469 

-  566 

-  457 

Calories. 
+  75 
+103 
-  67 

Calories. 

-  449 

-  538 

-  619 

+  66.63 

+  26.  46 

-225 

-1,492 

+111 

-1,606 

+  22.21 

+    8. 82 

-  75 

-  497 

+  37 

-  535 

+469.01 

-229. 15 

+  82 

-1,252 

-960 

-2, 130 

The  data  in  the  first  three  columns  of  this  table  are  identical  with 
those  in  the  same  columns  in  Table  92.  In  column  d  the  data  regard- 
ing the  gain  or  loss  of  oxygen  by  the  body  are  given,  which  were  not 
in  the  preceding  table.  The  amount  of  protein  gained  or  lost,  column 
e,  is  computed  in  the  same  manner  in  both  cases.  The  amounts  of 
fat,  water,  and  glycogen  gained  or  lost,  columns/,  g,  and  li,  are  com- 
puted by  means  of  the  formulae  given  in  the  column  headings.  These 
*  formulae  are  explained  in  detail  on  page  72 ;  it  will  suffice  here  to  state 
that  the  quantities  of  the  elements  given  in  columns  a,  h,  c,  and  d 
are  substituted  for  their  initials  in  the  formulae,  and  the  indicated 
operations  are  performed.  There  are  no  data  in  Table  92  correspond- 
ing to  those  in  column  7i  of  this  table. 

The  energy  of  protein  and  of  fat  gained  or  lost  is  computed  in  the 
same  way  as  in  the  preceding  table;  that  from  glycogen  gained  or 
lost  is  calculated  by  the  factor  4.19,  which  corresponds  to  the  heat  of 
combustion  of  1  gram  of  glycogen.  The  algebraic  sum  of  the  quan- 
tities in  columns  i,  Tc,  and  I  represents  the  total  amount  of  energy 
gained  or  lost  in  body  material,  as  given  in  column  m. 

For  a  ready  comparison  of  the  results  obtained  by  the  two  methods 
of  calculation  the  figures  are  summarized  in  Table  94. 
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Table  94. — Comparison  of  gain  or  Joss  of  body  maleriah  and  cnertiy  a.s  computrd  hj  both 

Diet  hods. 


Date. 

(a) 

Protein 
gained 
(+)  or 

lost  (-), 
both 

methods. 

Fat  gained  (+)  or 
Tost  (-). 

Water  gained  (+)  or 
lost  (-) . 

(/) 

rilycogcn, 
t;:iini'.|  (  +  ) 
(irlost  (-1, 
new 

method. 

(6) 
Old 
method. 

Nevi' 
method. 

(d) 
Old 
method. 

(«) 
New- 
method. 

1903. 

Rest  experiment  No.  58. 

November  10  

November  11  

November  12  

Total,  3  days  

Average  per  dav  

1904. 

Work  experiment  No.  >>4. 
April  22  

Grams. 
-  9.66 
-13.32 
-16.74 

Grams. 

-  38.79 

-  45.06 

-  57.19 

Grams. 

-  49.24 

-  59.33 

-  47.86 

Grams. 
+264. 01 
-  67.02 
-131. 19 

Grams. 
+265. 20 
-  05.91 
-132. 72 

Grams. 
+  17.99 
+  24.47 
-  16.00 

-39. 72 

-141.04 

-156.43 

+  66.40 

+  66.63 

+  26.46 

- 13. 24 

-  47.01 

-  52.14 

+  22.13 

+  22.21 

+  8.82 

+  14.52 

-265.09 

-131.26 

+  485.52 

+  469.01 

-229. 15 

Date. 

Energy  of  protein 
gained  (+)  or 
lost  (-). 

Energy    of  fat 
gained  (+)  or 
lost  (-). 

(0 
Energy 
of  gly- 
cogen 
gained 
(+)  or 
lost  (-), 

new 
method. 

Total  energy  from 
material  gained 
(+)  or  lost  (— ). 

(?) 
Old 
method. 

(A) 
New 
method. 

ii) 
Old 
method. 

(k) 
New 
method. 

(m) 
Old 
method. 

(n) 
New 
method. 

1903. 

Rest  experiment  No.  58. 

November  10  

November  11  

November  12  

Total,  3  days  

Average  per  day  

1904. 

Work  experiment  No.  64. 
April  22  

Calories. 

-  55 

-  75 

-  95 

Calories. 

-  55 

-  75 

-  95 

Calories. 

-  370 

-  430 

-  546 

Calorics. 

-  469 

-  566 

-  457 

Calories. 
+  75 
+103 
-  67 

Calories. 

-  425 

-  505 

-  641 

Calories. 

-  449 

-  538 

-  619 

-225 

-225 

-1,346 

-1,492 

+111 

-1,571 

-1.606 

-  75 

-  75 

-  449 

-  497 

+  37 

-  624 

-  535 

+  82 

+  82 

-2,529 

-1,252 

-960 

-2,447 

-2, 130 

EXPEEIMENT  WITH  SMALL  DRAFTS  UPON  BODY  MATERIAL. 

Experiment  No.  58,  which  is  used  here  for  illustration,  was  the 
first  rest  experiment  in  which  the  consumption  of  oxygen  was  meas- 
ured. It  has  been  shown,  in  the  discussion  of  this  experiment  on 
preceding  pages,  that  the  diet  was  insufficient  and  the  body  con- 
sumed some  of  its  own  material  to  supply  energy  for  its  needs,  but 
the  draft  upon  body  material  was  relatively  slight  because  the 
amount  of  muscular  activity  in  the  subject  was  decidedly  small. 

The  gain  or  loss  of  protein  was  computed,  as  already  stated,  the 
same  way  in  each  case.  As  formerly  estimated  there  would  be  an 
increasing  loss  of  fat,  but  as  computed  by  the  later  method  the 
loss  was  greatest  on  the  second  day  and  smallest  on  the  third  day. 
The  average  loss  for  the  three  days  was  about  5  grams  per  day  larger 
according  to  the  later  method.    There  is  a  very  close  agreement 
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in  the  results  of  the  two  methods  of  computing  the  gain  or  loss  of 
water.  According  to  the  present  method  of  interpreting  the  results, 
there  appeared  to  be  a  small  gain  of  glycogen  on  the  first  and  second 
days  and  a  loss  on  the  third  day,  equivalent  to  a  total  gain  of  26 
grams  for  the  three  days,  or  an  average  of  barely  9  grams  per  day, 
which  approximates  glycogen  equilibrium  for  the  body.  The  amount 
of  energy  in  the  body  material  lost,  according  to  the  former  method, 
was  524  calories,  whereas  by  the  later  method  it  was  535  calories. 

In  this  particular  experiment  the  assumption  that  the  body  was 
in  glycogen  equilibrium  was  fairly  correct,  and  the  above  comparison 
indicates  that  there  is  no  striking  difference  in  the  result  in  the 
methods  of  computing  gain  or  loss  of  body  material  when  such  is  the 
case.  Indeed,  the  agreement  is  so  close  that  it  would  seem  doubtful 
whether,  in  an  experiment  in  which  glycogen  equilibrium  could  be 
fairly  well  assured,  the  extra  labor  of  determining  the  oxygen  con- 
sumption would  be  advantageous;  but  it  is  rather  difficult  to  insure 
conditions  of  glycogen  equilibrium.  It  is  perhaps  remarkable  that 
with  such  insufficient  diet  there  was  not  a  loss  of  glycogen.  The 
diet  in  this  experiment  contained  a  very  large  proportion  of  carbo- 
hydrates, and  it  is  possible  that  in  such  a  case  the  amount  of  glycogen 
in  the  body  would  not  be  materially  decreased  under  the  conditions 
of  the  experiment. 

EXPERIMENT  WITH  LARGE  DRAFTS  UPON  BODY  MATERIAL. 

Although  the  glycogen  content  of  the  body  may  remain  remarkably 
constant,  even  with  a  slight  draft  upon  body  material,  when  there 
is  an  excess  of  carbohydrates  in  the  diet,  as  shown  in  the  data  just 
given,  in  certain  experiments  in  which  considerable  amoimts  of 
body  material  are  used  to  supply  energy  there  may  be  a  marked 
disturbance  of  the  glycogen  eqmlibrium.  Body  material  will  be 
drawn  on  when  food  is  entirely  withheld,  as  in  fasting,  or  when  the 
amount  of  food  is  considerably  less  than  would  be  required  to  assure 
nitrogen  and  carbon  equilibrium.  This  latter  condition  frequently 
exists  in  the  so-called  "work  experiments."  In  fact,  in  planning 
the  work  experiments  in  these  investigations  it  has  seemed  advisable 
to  furnish  food  in  quantities  that  would  be  appreciably  less  than 
those  required  by  the  body,  with  the  idea  that  under  such  conditions 
the  body  maj'  possibly  be  more  economical  in  its  utilization  of  the 
food.  Such  an  experiment  is  No.  64,  of  one  day's  duration,  in 
which  the  subject  was  engaged  in  severe  muscular  work,  riding  the 
bicycle  ergometer  for  eleven  hours  out  of  the  twenty-four.  The 
results  of  both  methods  of  computing  the  gain  or  loss  of  body  material 
in  this  experiment  are  also  given  in  Tables  92-94. 

In  this  experiment  there  was  a  small  gain  of  nitrogen  and  hydrogen 
and  a  large  loss  of  carbon.  According  to  the  assumption  that  there 
was  glycogen  equilibrium  and  that  all  the  carbon  not  concerned  in 
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protein  should  be  ascribed  to  fat,  there  would  be  a  loss  of  265  grams 
of  fat,  but  by  the  later  method  of  computation-,  which  divides  the 
carbon  between  glycogen  and  fat,  the  loss  of  fat  was  but  131  grams 
and  there  was  a  loss  of  229  grams  of  glycogen.  Tliis  is  far  from 
glycogen  equilibrium. 

The  amount  of  energy  in  the  fat  and  glycogen  lost  was  estimated 
to  be  2,130  calories,  whereas  the  quantity  of  fat  that  would  be  equiva- 
lent to  the  carbon  lost  if  there  had  been  glycogen  equilibrium  would 
involve  2,447  calories.  Some  idea  regarding  the  relative  accuracy 
of  the  two  methods  of  estimating  gain  or  loss  of  body  material  is 
afforded  by  comparison  of  the  heat  measured  by  the  calorimeter 
during  the  experiment  with  that  estimated  to  have  been  derived  by 
the  body  from  food  and  body  material.  Such  a  comparison  is  given 
in  Table  95. 

Table  95. — Comparison  of  the  income  and  outgo  of  energy  as  computed  by  both  methods. 


Date. 

Heat  of  comljustion  of  food,  feces, 
and  urine   as   determined  by 
boml)  calorimeter. 

(d) 
Available 

energy 
from  food, 
o-(6+c). 

Total   energy  from 
body  material 
gaine"d  (  +  )  or  lost 
(— )  as  calculated. 

(a) 
Food. 

(b) 
Feces. 

(0 
Urine. 

(e) 
Old 
method. 

(/) 
New 
method. 

1903. 

Rest  experiment  Xo.  58. 

Nov.  10  

11  

12  

Total,  3  days  

Average  per  day  

1904. 

Work  ixperininit  No.  l!4. 
Apr.  22  

Calories. 
1.488 
1,409 
1,543 

Calories. 
(i7 
67 
67 

Calories. 
72 
li 
81 

Calories 
1,349 
1,328 
1,395 

Calories. 

-  425 

-  505 

-  641 

Calories. 

-  449 

-  538 

-  619 

4,  .500 

201 

227 

4,072 

-1,571 

-1,606 

1,500 

67 

76 

1,357 

-  524 

-  535 

5,  .393 

210 

128 

5,055 

-2,447 

-2, 130 

Date. 


1903. 

Rest  experiment  No.  58. 

Nov.  10  

11  

12  

Total,  3  days  

Average  per  day  

1904. 

Work  experiment  No.  6i 
Apr.  22  


Estimated  energy 
from  material 
oxidized  in  the 
body. 


ig) 

Old 
method, 
d-e. 


Calories. 
1,774 
1, 833 
2,036 


5,643 


(ft) 
New 
method, 
d-f. 


Calories. 
1,798 
1,866 
2,014 


1,881 


7,502 


5,678 


1,893 


7,185 


(»•) 
Heat 
meas- 
ured by 
the  res- 
piration 
calorim- 
eter. 


Calories. 
1,819 
1,846 
2,047 


5,712 


1,904 


7,137 


Heat  measured  greater  (+)  or  less  (— ) 
than  heat  estimated. 


Amount. 


(i) 
Old 
method, 

i-g. 


Calories. 
+  45 
-1-13 
H-U 


-1-69 


-1-23 


-365 


m 

New 
method, 
i—h. 


Calories. 
+21 
-20 
-1-33 


+3i 


+  11 


Proportion. 


(m) 
Old 
method. 


Per  cent. 
+2.5 
+  .7 
+  .5 


+  1.2 


+  1.2 


-5.1 


(n) 
New 
method, 
l^i. 


Per  cent. 
+  1.2 
-1. 1 
+  1.6 


+  .6 


+  .6 


-  .7 
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The  values  in  the  columns  a,  h,  and  c  are  obtained  from  actual 
determinations  of  heats  of  combustion.  The  sum  of  the  quantities 
in  columns  h  and  c  deducted  from  that  in  column  a  gives  the  amount 
of  energy  derived  from  food,  shown  in  column  d.  The  quantity  of 
energy  from  body  material  gained  or  lost,  as  calculated  by  the  former 
method,  is  shown  in  column  e,  and  by  the  present  method  in  column/. 
The  value  in  one  or  the  other  of  these  columns  deducted  algebraically 
from  that  in  column  d  gives  the  amount  of  energy  from  material 
actually  oxidized  in  the  body,  including  both  food  and  body  material 
consumed,  according  to  the  method  of  computing  the  latter.  In  col- 
umn g  the  values  are  those  according  to  the  former  method  of  com- 
puting the  gain  or  loss  of  body  material,  and  those  in  column  h 
accorchng  to  the  later  method.  In  column  i  is  shown  the  amount  of 
heat  eliminated  by  the  body,  as  measured  by  the  respiration  calorim- 
.  eter.  In  columns  m,  and  n  are  shown  the  actual  and  percentage 
differences  between  the  measured  amount  of  heat  and  the  amount 
estimated  to  have  been  derived  by  the  body  from  the  oxidation  of 
food  and  body  material. 

In  the  results  for  experiment  No.  58  the  differences  between  the 
measured  and  the  estimated  energy  are  smaller  on  the  second  and 
third  days  of  the  experiment  when  the  gain  or  loss  of  body  material 
is  computed  by  the  former  method,  and  larger  on  the  other  day  than 
in  the  case  of  either  of  the  three  days  when  the  gains  or  losses  are 
computed  by  the  later  method.  The  average  for  the  three  days, 
however,  shows  a  closer  agreement  when  the  computations  are  made 
by  the  later  method.  In  the  case  of  the  work  experiments,  there  is  a 
much  wider  discrepancy  between  the  heat  measured  by  the  calorim- 
eter and  that  estimated  to  have  been  derived  by  the  body  from  the 
oxidation  of  material  when  the  amount  of  body  material  gained  or 
lost  is  computed  by  the  former  method.  In  both  cases  the  discrep- 
ancy between  the  measured  and  estimated  energy,  as  shown  in  per- 
centage in  column  n,  is  within  the  limits  of  accuracy  of  experimental 
methods;  whereas  that  shown  in  column  m  is,  in  the  case  of  the  work 
experiment,  far  too  wide. 

In  a  large  number  of  experiments,  especially  where  the  glycogen 
content  of  the  body  remains  essentially  unaltered,  the  estimation  of 
the  amounts  of  energy  from  material  oxidized  in  the  body  are  prob- 
ably not  far  from  correct  when  the  gains  and  losses  of  body  material 
are  calculated  as  formerly;  but,  on  the  whole,  the  above  comparison 
indicates  that  more  accurate  results  are  to  be  obtained  when  the 
later  method  of  calculations  is  employed  and  the  quantity  of  glyco- 
gen gained  or  lost  is  computed,  as  well  as  that  of  the  other  materials. 
For  this  purpose,  of  course,  the  direct  determinations  of  oxygen  are 
indispensable. 
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COMPARISON  OF  THE  ESTIMATION  OF  THE  AMOUNT  OF"  OXYGEN 
CONSUMED  WITH  THE  ACTUAL  DETERMINATION. 

In  a  previous  publication"  the  amounts  of  oxygen  consumed  in  (he 
metabolism  experiments  there  reported  were  estimated  according  to 
a  method  which  was  described  in  detail.  In  Table  96  are  given  the 
tlata  for  a  comparison  of  the  results  of  computations  according  to 
such  method  with  the  actual  determinations  of  the  amounts  of  oxy- 
gen consumetl  in  a  rest  experiment,  No.  58,  and  a  work  experiment, 
No.  64. 

T.\BLE  96. — Comparison  of  computed  oxygen  consumption  with  ainounls  orlnaUy  deter- 
mined in  metabolism  experiments  Nos.  B8  and  64. 


Total 
weight. 


Nitro- 
gen. 


Carbon. 


Hydro- 
gen. 


Ash. 


licH  experiment  No.  5S. 

Total  income,  excluding  oxy- 
gen of  rps])iration  

Total  outgo  

Outgo  greater  or  less 

than  income  

Gains  (  +  )  or  losses  (  — )  of 
body  materials: 

Protein  

Fat  

Water  

Ash  

Oxygen  from  air,  estimated.. 
Oxygen  from  air,  actually  de- 
termined  

Total  income,  excluding  oxy- 
gen of  respiration  

Total  outgo  

Outgo  greater  or  less 

than  income  

Gains  (  +  )  or  losses  (  — )  of 
body  materials: 

Protein  

Fat  

Water  

Ash  

O.xygen  from  air,  estimated.. 
Oxygen  from  air,  actually  de- 
.  termined  '.  

Total  income,  excluding  oxy- 
gen of  respiration  ". . 

Total  outgo  

Outgo  greaier  or  less 

than  income  

Gains  (  +  )  or  losses  (  — )  of 
body  materials: 

Protein  

Fat  

Water  

Ash  

Oxygen  from  air,  estimaled.. 
Oxygen  from  air,  actually  de- 
termined "  


Grams. 
1 . 2X5. 00 
1,. 587.  .34 


+  302.34 


-  9.fi6 

-  38.79 
+264.61 
+  1.80 


520.30 
528.50 


1,260.00 
1,921.36 


+661.36 


-  13.32 

-  45.06 

-  67.02 
+-  1.70 


537.66 
548. 98 


1,218.00 
2,018.  So 


+800.  .55 


-  16.74 

-  ,57.19 
-131.19 
+-  1.90 


597. 33 
589. 13 


Grams.  ■  Grams. 
6.  .58  ,  149.82 
8. 19        184. 44 


-1-1.61 
-1.61 


6.45 
8.67 


+  2.22 
-2.22 


6.95 
9.74 


+2. 79 
-2.79 


Grams. 
129. 23 
104. 92 


Grams. 
10.00 
8.  .35 


+  34.62 


5. 10 
29.52 


-1.65 


-  4.62 
+-29.61 


148.05 
189.37 


126.55 
140.34 


+  41.32 


7.03 
34. 2J 


-13.79 


.93 
5. 36 
7.50 


154. 75 
207. 1 1 


121. 41  10. 60 
144.07  8.96 


9.80 
8.30 


-1..50 
-  .20 
+  i.'76' 


+  r>2.:m 


-  8.84 

-  43.52 


+  22.66  -1.64 

-  1.17  -  .26 

-  6.81   

-14.68   


-1.90 


+  724.38 


-  3.68 

-  6.86 
-116.51 


597. 33 
589. 13 


"U.  S.  Dept.  Agr.,  Office 


of  Experiment  Stations  Bui.  136,  p.  163. 
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Table  96. —Comparison  of  computed  oxygen  consumption  with  amounts  actually  detcr- 
viined  in  metabolism  experiments  Nos.  58  and  64 — Continued. 


Date. 

Total 
weight. 

Nitro- 
-  gen. 

Carbon. 

Hydro- 
gen. 

Ash. 

Oxjgen. 

1904. 
Apr.  22 

Work  experiment  No.  6i. 

Total  income,  excluding  oxy- 
gen of  respiration  

Total  outgo  

Outgo  greater  or  less 

than  income  

Gains  (  +  )  or  losses  (  — )  of 
body  materials: 

Protein  

Fat 

Grams. 
7,  .576. 80 
9,552. 68 

Grams. 
19.11 

16.69 

Grams. 
474. 94 
669. 00 

Grams. 
825. 66 
801.86 

Grams. 
28. 10 
21.23 

Grams. 
6, 22s.  99 
8,043.90 

+  1,975.88 

+    14.  .52 

  265. 09 

+  485^52 
+  6.65 

-2.42 
+2.42 

+  194.06 

+  7.67 
-201.73 

-23.80 

+  1.02 
—31. 55 
+54!  33 

-6.87 
+  .22 

+  1,814.91 

+  3.19 

  3j  gj 

+    431'.  19 

Water  

Ash.,  

+6.65 

Oxygen  from  air,  estimated.. . 
Oxygen  from  air,  actually  de- 
termined  

2,217.48 
2, 105. 65 

2,217.48 
2, 105.65 

1 

The  first  column  of  figures  gives  the  total  weight  of  outgo  and  that 
of  the  income,  excluding  oxygen  of  respiration.  On  the  first  day  the 
outgo  was  apparently  302.34  grams  greater  than  the  income.  The 
amounts  of  nitrogen,  carbon,  hydrogen,  and  ash  in  the  materials 
of  income  and  outgo,  as  determined  by  analyses,  and  that  of  oxy- 
gen, as  calculated  by  difference,  are  given  in  the  remaining  colunms. 
During  the  experiment  there  were  gains  and  losses  of  body  material, 
which  were  assumed  to  have  the  composition  shown  in  Table  15,  and 
the  quantities  of  oxygen  in  them  were  calculated  accordingly.  In 
experiment  No.  58,  for  example,  there  was  a  loss  from  the  body  of 
9.66  grams  of  protein,  which  contained  2.12  grains  of  ox3^gen;  and 
of  38.79  grams  of  fat,  which  contained  4.65  grains  of  oxygen.  There 
was  a  gain  by  the  body  of  264.61  grams  of  water,  containing  235 
grams  of  oxygen. 

Deducting  the  2.12  grams  of  oxygen  in  the  protein  lost  and  the 
4.65  grams  in  the  fat  lost  from  the  235  grams  in  the  water  stored  and 
adding  the  difference  to  the  292.07  grams  of  excess  in  outgo  over 
income  gives  the  estimated  amount  consumed  from  the  air  as  520.30 
grams.  This  same  value  is  likewise  obtained  from  the  figures  for  the 
total  weight  in  the  first  column;  or,  in  other  words,  the  body  gave  off 
in  products  of  respiration  and  retained  in  material  stored  520.30 
grams  of  oxygen  over  and  above  that  which  it  secured  from  the  food 
and  drink  and  supplied  in  the  protem  and  fat  lost.  Actual  determi- 
nations by  means  of  the  respiration  apparatus  show  that  on  this  day 
the  body  consumed  528.50  grams,  or  8.20  grams  more  than  was  esti- 
mated. A  similar  computation  for  the  other  two  da3^s  of  this  experi- 
ment shows  an  agreement  between  the  estimated  amount  of  oxygen 
and  that  actually  determined  not  far  from  that  of  the  fu"st  day,  the 
estimates  being  somewhat  smaller  on  the  fii'st  two  days  and  slightly 
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larger  on  the  third  day  than  the  determinations.  In  fact,  so  far  as 
this  individual  experiment  is  concerned,  the  estimations  agree 
remarkably  well  with  the  actual  determinations.  This  method  of 
computation  assumes  that  there  is  no  material  gain  or  loss  of  carbo- 
hydrates, which  was  the  case  in  this  particular  experiment.  Under 
such  conditions  the  amoimt  of  oxygen  consumed  may  be  estimated 
by  this  method  with  reasonable  accuracy. 

In  experiments  in  which  there  is  a  marked  gain  or  loss  of  carbohy- 
drates the  method  is  inadequate,  as  is  illustrated  by  the  data  for 
experiment  No.  64,  also  given  in  Table  96,  in  which  there  was  a  marked 
draft  upon  body  material  and  in  the  form  of  carbohydrates.  Here 
the  amounts  involved  are  much  larger,  since  the  subject  was  at  very 
severe  muscular  work.  The  table  shows  that  the  amount  of  oxygen 
estimated  to  have  been  absorbed  from  the  air  was  2,217.48  grams, 
whereas  the  actual  determination  by  means  of  the  respuation  appa- 
ratus showed  only  2,105.65  grams.  While  the  error  in  experiment 
No.  58  was  inappreciable  for  the  average  of  the  three  days,  amoimt- 
ing  to  but  0.8  per  cent,  the  error  in  experiment  No.  64  is  relatively 
much  greater — 5.3  per  cent.  The  large  error  in  the  estimation  of  the 
amount  of  oxygen  consumed  is,  in  a  measure,  comparable  with  the 
error  in  the  estimation  of  the  amounts  of  energy  derived  from  mate- 
rial actually  oxidized  in  the  body,  as  given  in  Table  95. 

FLUCTUATIONS  IN  BODY  WEIGHT  AS  COMPARED  WITH  GAINS 
AND  LOSSES  OF  BODY  MATERIAL. 

Theoretically,  the  gains  or  losses  of  body  material,  as  computed 
from  data  obtained  by  means  of  the  respiration  calorimeter,  should 
give  a  true  measure  of  the  actual  gains  or  losses  in  body  weight. 
The  net  gain  or  loss  thus  computed  should  compare  with  that  derived 
from  the  data  obtained  by  means  of  the  weighing  apparatus  men- 
tioned on  page  194.  Such  comparisons  are  made  in  Table  97  for  those 
experiments  in  which  the  improved  weighing  apparatus  was  used. 
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Table  97. — Comparison  of  gains  and  losses  of  body  material  ivith  gains  and  losses  of 
body  weight  in  metabolism  experiments  Nos.  62-68. 


Ex- 
peri- 
ment 
No. 

Estimated  gains  and  losses  of  body  material. 

Actual  Gain 

Pro- 
tein. 

Fat. 

Carbon 
hydrate. 

Water. 

Ash. 

Total. 

weight 
by  bal- 
ance. 

Ioss(— ) 
by  bal- 
ance. 

62 

63 

64 

65 

66 
67 

Carbohydrate  diet, 
work: 
Preliminary 
weighing  

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 
75,085.6 
75, 443.  4 
75, 413.  6 
75,269.4 

Grams. 

First  day  

Second  day  

Third  day  

Average  per 
day  

—  0. 12 

-  2.82 
-12.  72 

-  26.  65 

-  13.31 

-  34.65 

-  46.  37 

-  82.39 

-  20.92 

+    137. 17 
+  600.29 
-    241. 08 

+  3. 62 
+  a26 
+  1.10 

+     67. 65 
+    505. 03 
-    308. 27 

+357.  8 
-  29.8 
-144  2 

-  5.22 

-  24.87 

-  49.89 

+    165. 46 

+  2.66 

+  88.14 

+  61.3 

Fat  diet,  work: 

First  day  

Second  day  

Third  day  

Average  per 

Fat  diet,  work  

Carbohydrate  diet, 

rest  

 do  

 do  

 do  

+  8.70 

-19.62 
-2.5.02 

-  13.35 

-  63.38 

-  63.35 

-  68.28 
-f-  33.57 
+  27.05 

-1,301.75 

-  629. 37 

-  787. 93 

-  3.47 
-10.20 

-  6.98 

-1,378.15 

-  689. 00 

-  856. 23 

74, 319. 0 
73, 479. 6 
72,52a  1 

-950.  4 
-839.  4 
-951.  5 

-11.98 

+14.52 

-56.  82 
-54.30 
-46.62 
-40.56 

-  46.69 
-131.26 

-128.39 

-  75.43 

-  80.06 

-  67.91 

-    2.  .55 

-229. 15 

+264  05 
+  90.18 
+  49.13 
+  6.41 

-  906. 35 

+    469. 01 

+    383. 93 
+    396. 03 

-  8.72 

-  473. 11 

-  6.88 

+  6.87 

+  5.25 
+  1.45 

-  .61 
-4  69 

-  974  45 

+    129. 99 

+  468.02 
+    357. 93 

-  86.88 

-  579. 86 

72, 158. 8 

72,519.8 
72, 979.  8 
73, 024  8 
72, 406.  8 

-913.8 

-.369.  3 

+  361.0 
+460.0 
+  45.0 
-61&0 

The  total  estimated  amount  of  body  material  gained  or  lost  is  the 
algebraic  sum  of  the  gains  or  losses  of  protein,  fat,  carbohydrate, 
water,  and  ash.  The  actual  hodj  weight  as  obtained  at  7  a.  m.  by 
the  balance  is  recorded  in  the  next  to  the  last  column,  and  the  fluc- 
tuations in  body  weight  are  given  in  the  last  column.  The  values  in 
this  last  column  should,  theoretically  at  least,  agree  with  the  total 
estimated  gains  or  losses  of  body  material.  An  inspection  of  the 
figures  in  these  two  columns  shows  many  marked  discrepancies,  espe- 
cially noticeable  in  the  first  two  days  of  experiment  No.  62  and  in 
experiment  No.  64. 

On  the  first  day  of  experiment  No.  62  the  prescribed  routine  was 
not  followed  closely.  There  was,  according  to  the  experunental  data, 
a  loss  of  0.12  gram  of  protein,  26.65  grams  of  fat,  and  46.37  grains  of 
carbohydrates,  with  a  gain  of  137.17  grams  of  water  and  3.62  grains 
of  ash,  makuig  a  total  gain  of  67.65  grams,  as  compared  with  a  gain 
of  357.8  grams  as  indicated  by  the  balance.  Similarl_y,  on  the  second 
day  there  was  a  large  gam  of  water,  which  compensated  for  the  losses 
in  fat  and  carbohj^drates  and  resulted  m  a  total  gam  for  the  day 
rather  than  a  loss  as  indicated  by  the  balance.  On  the  third  day 
there  was  a  decided  loss,  even  greater  than  that  recorded  b}''  the 
balance.  The  results,  as  determined  by  the  balance  and  by  the  com- 
putations of  gains  or  losses  of  materials,  agree  more  closely  in  experi- 
ment No.  63.  In  the  average  for  the  three  days  in  each  experiment 
the  gain  or  loss  of  weight  as  estimated  agrees  with  that  ascertained 
by  the  balance  quite  as  well  as  was  to  be  expected  in  the  first  attempts 
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to  use  the  apparatus.  The  errors  influencing  the  comparison  men- 
tioned below  afl'ect  the  first  one  (No.  62)  more  especially,  and  are  of 
less  importance  in  the  second.  The  percentage  discrepancy  in  the 
average  result  is  much  larger  in  the  former  than  in  the  latter.  The 
results  in  experiments  Nos.  G4~67  compare,  in  general,  fairly  well, 
though  not  as  closely  as  desired. 

Further  experience  in  the  use  of  the  apparatus  has  shown  the  neces- 
sity of  considering  certain  factors  that  were  not  taken  sufficiently 
into  account  in  these  experiments,  thus  indicating  possible  causes  for 
the  discrepancies  noted.  Especial  care  is  needed  in  collecting  the 
urine  at  the  proper  time  and  in  allowing  for  the  weight  of  the  feces; 
and  the  clothing  worn  by  the  subject  when  weighed  must  be  carefully 
noted,  though  in  the  above  experiments  probably  little  of  the  dis- 
crepancy was  due  to  error  in  this  respect,  because  the  observers  paid 
particular  attention  to  this  point.  Furthermore,  proper  allowance 
must  be  made  for  the  drip  water,  and  for  variations  in  the  amount  of 
water  condensed  on  the  heat-absorl)ing  system.  In  view  of  the 
improvement  in  technic  that  has  been  made  in  subsequent  use  of 
the  aj)paratus  the  discrepancies  noted  above  are  not  surprisingly 
large.  In  later  experiments  the  agreement  between  the  gain  or  loss 
in  body  weight  as  ascertained  from  the  computed  gain  or  loss  of  body 
material  and  as  determined  by  use  of  the  balance  is  very  satisfactory. 

INFLUENCE  OF  CHARACTER  OF  DIET  ON  BODY  WEIGHT. 

It  has  long  been  recognized  that  diets  markedly  one-sided  with 
regard  to  their  content  of  fat  or  carbohydrates  have  appreciable 
influence  upon  body  weight.  This  observation  has  been  frequently 
made  in  this  laboratory,  as  well  as  by  other  investigators.  In  earlier 
experiments  not  much  stress  was  placed  upon  these  gains  or  losses, 
since  it  was  considered  that  the  methods  of  determining  changes  in 
body  weight  were  not  sufficiently  accurate  to  warrant  any  definite 
conclusions.  With  the  introduction  of  the  new  balance  much  more 
accurate  observations  were  possible,  and  consequently  definite  data 
from  which  conclusions  can  legitimately  be  drawn  are  now  available. 
Of  the  experiments  reported  in  this  bulletin,  the  first  two  in  which 
the  new  balance  Was  used,  No.  62  with  a  carbohydrate  diet  and  No. 
63  with  a  fat  diet,  afford  excellent  opportunity  for  studying  the  rela- 
tive effect  of  such  diets  upon  the  body  weight,  although,  as  has  been 
pointed  out  in  the  preceding  section,  the  data  regarding  body  weight 
are  ])robably  more  open  to  error  in  the  first  than  the  second  experi- 
ment. The  data  for  the  comparison  of  the  two  experiments  are  given 
in  Table  98. 
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Table  98. — Comparison  of  total  imight  of  food  and  drinlc  ingested,  and  of  gains  and 
losses  of  body  weights,  in  metabolism  experiments  Nos.  62  and  63  with  A.  L.  L.,  on 
carbohydrate  and  fat  diets. 


X)s>t6. 

Character  of  diet. 

Food  and  drink. 

Body 
weight 
at  7  a.  m. 

Gains  (+) 
or 

losses ( — ) 
of  body 
weight. 

Solid 
matter. 

Water. 

Total. 

1904. 

Experiment  No.  62. 
Apr.  16 

- 

Grams. 

Grams. 

Grams. 

Kgms. 
75,085.6 
75, 443.  4 
75, 413.  6 

Grams. 

16-17 

Carbohydrate .... 
do 

969.6 
965.9 
965.9 

3, 577. 3 
3, 553. 2 
3, 491. 1 

4, 546. 9 
4, 519. 1 
4, 457. 0 

+357.8 
-  29.8 
 2 

17-18 

18-19:  

 do  

Average  per  day  

967. 2 

3,540.5 

4, 507. 7 

+  61.3 

Experiment  No.  63. 
Apr.  19-20  

Fat  

750.5 
745.4 
746.9 

3,108.1 
4, 150. 3 
4, 151. 9 

3,858.6 
4, 895. 7 
4, 898. 8 

74, 319. 0 
73,479.6 
72, 528. 1 

-950  4 
-839.  4 
-951.5 

20-21  

 do  

21-22  

 do  

Average  per  day  

747.6 

3, 803.  4 

4, 551. 0 

-913.8 

The  carbohydrate  diet  furnished  about  967  grams  of  solid  matter 
and  sufficient  water,  including  both  that  in  the  food  and  that  drunk, 
to  make  a  total  weight  of  about  4,500  grams  per  day.  On  this  diet 
the  body  weight,  as  determined  by  the  balance,  increased  61.3  grams 
per  day.  The  computation  for  the  gains  or  losses  of  body  material. 
Table  97,  showed  a  slightly  greater  average  gain  per  day.  The  fat 
diet  contained  about  750  grams  of  solid  matter  and  sufficient  water 
to  make  up  3,859  grams  on  the  fii'st  day  and  practically  4,900  grams 
on  the  other  two  days,  so  that  the  total  weight  of  food  and  drink  was 
slightly  larger  in  the  second  experiment,  averaging  4,551  grams  per 
day.  In  spite  of  this  fact,  on  the  fat  diet  there  was  a  very  marked 
tendency  toward  a  loss  in  body  weight,  and  specifically,  as  may  be 
seen  by  reference  to  the  computations  of  gains  or  losses  of  body 
material  in  Table  97,  toward  a  loss  of  water.  The  quantity  of  energy 
furnished  by  both  diets  was  practically  uniform,  and  the  amount  of 
external  muscular  work  performed  was  identical.  The  amount  of 
heat  eliminated  by  the  body  was,  on  the  average,  69  calories 
larger  in  the  experiment  with  the  fat  diet.  The  gains  or  losses  of 
body  material  were  such  that,  during  the  experiment  with  the  car- 
bohydrate diet,  there  was  an  average  loss  of  5.22  grams  of  protein, 
24.87  grams  of  fat,  and  49.89  grams  of  carbohydrates,  with  a  gain  of 
165.46  grams  of  water  and  2.66  grams  of  ash,  whereas  in  the  experi- 
ment with  the  fat  diet  there  was  an  average  loss  of  11.98  grams  of 
protein,  46.69  grams  of  fat,  2.55  grams  of  carbohydrates,  906.35 
grams  of  water,  and  6.88  of  ash,  thus  showing  that  the  transition 
from  the  carbohydrate  to  the  fat  diet  resulted  in  a  marked  loss  of 
water  by  the  body.  No  observations  on  man  of  wliich  we  are  aware 
give  information  as  to  how  long  tliis  loss  of  water  will  take  place,  and 
experiments  of  this  nature  are  greatly  to  be  desired. 

The  recent  observations  by  A.  Gouin  and  P.  Andouard  "  show  that 
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ill  animal  tissues  the  water  content  is  much  greater  after  feeding 
with  sugar  than  before. 

Perliaps  tlie  most  striking  conchision  from  tliis  comparison  is  that 
tlie  body  weight  is  of  Httle  vahie  in  showing  the  true  gains  or  losses 
of  protein,  fat,  or  car])ohydrate  by  the  body.  In  these  experiments 
with  diets  furnishing  energy  nearly  sufficient  to  meet  the  demands 
of  the  body  in  both  cases  there  was  a  slight  gain  in  one  and  a  marked 
loss  in  body  weight  in  the  other,  amounting  to  2.82  kilograms.  This 
loss  was,  as  the  ex])erimental  data  show,  mainly  water. 

AMOUNTS  OF  ENERGY   SUPPLIED   IN   DIFFERENT  NUTRIENTS. 

BODILY  ACTIVITY. 

The  rations  in  these  experiments  varied  considerably  from  the 
ordinary  mixed  diet.  They  were  made  as  palatable  as  possible 
under  the  circumstances  and  to  the  liking  of  the  subject,  but  certain 
kinds  of  food  were  necessarily  excluded,  owing  to  difficulties  in  sam- 
pling, analyzing,  etc.  Only  a  few  simple  foods  were  included  of  such 
a  nature  that  the  quantities  of  the  different  nutrients  and  of  energy 
in  the  diet  could  be  maintained  fairly  uniform  from  day  to  day. 
The  amounts  of  the  different  foods  supplied  to  the  subjects  varied 
with  the  nature  of  the  several  experiments,  consequently  the  total 
])otential  energy  of  the  different  nutrients  was  not  the  same  in  all  the 
experiments.  In  some  cases  large  amounts  of  energy  were  derived  from 
fats  and  in  others  from  carl)ohydrates,  but  in  no  case  was  the  quan- 
tity of  potential  energy  in  the  protein  of  the  diet  larger  than  normal. 
The  average  tptal  daily  income  of  energy  to  the  body  in  each 
of  the  eleven  experiments  is  shown  in  detail  in.  the  following  table: 
Table  99. — Itemized  incoDie  and  outgo  of  energy  per  day  in  metabolism  experiments 

Nos.  56-58  and  60-67. 


Income  of  energy. 


From  protein. 

From  fat. 

From  carbohydrates. 

ICxpcrinient  number, 
sul)ject,  ami  character 
of  diet. 

ion  of 
:ome. 

ion  of 
ome. 

on  of 
ome. 

■o 
o 
o 

•a 

g 

o 

•opoiti 
tal  inc 

o 
■2 

■o' 
o 

"3 

•oporti 
tal inc 

•o 

o 
o 

•a 

o 
.a 

"3 

■oporl 
tal  inc 

C 

O 

—  ^ 

o 

o 

o 

O 

O 

o 

jr  o 

Cals. 

Cals. 

Cals. 

Perct 

Cals. 

Cals. 

Cals. 

Per  cl 

Cals. 

Cals. 

Cals. 

Per  ct 

511,  J.  C.  W.:  fat  

642 

-  20 

622 

10.9 

3,207 

+  67 

3,274 

57.2 

1,849 

-  24 

1,825 

31.9 

57.  J.  C.  W.;  carljohy- 

dratp  

613 

+  6 

619 
302 

10.6 
14.9 

792 
248 

+  205 
+  497 

997 
745 

17.2 
36.8 

4,082 
1,016 

+  112 
-  37 

4,194 
979 

72.2 
48.3 

II.  F.;  carbohydrate. 

227 

+  75 

liO.  B.  K.  I).;  carbohy- 

drate  

577 

+  21 

598 

24.7 

478 

-  36 

442 

18.2 

1,468 

-  86 

1,382 

57. 1 

til.  15.  F.  D.;  carbohy- 

571 

+  80 

651 

13.7 

1,500 

-  94 

1,412 

29.6 

1,539 

+  1,162 

2,701 

56.7 

IL'.  .V.  L.  I-.;  carbohy- 

580 
585 

+  30 
4-  68 

610 
653 
581 

12.0 
12.5 
7.7 

1,066 
2,778 
3,378 

+  237 
+  445 
+  1,252 

1,303 
3,223 
4,630 

2.5. 0 
61.9 
61.5 

2,9(58 
1,319 
1,301 

+  209 
+  11 
+  900 

3,177 
1,330 
2,321 

62.4 
25.6 
30.8 

03,  .V.  L.  L.;  fat  

64,  A.  L.  L.;  fat  

663 

-  82 

65,  .\.  L.  L.;  carbohy- 

drate  

545 

+321 

866 

30.6 

281 

+  1,225 

1,506 

53.1 

1,568 

-1,106 

462 

16.3 

66.  .V.  L.  L.;  carbohy- 

drate   

499 

+307 

800 

29.4 

278 

+  720 

998 

36.5 

1,312 

-  378 

934 

34.1 

67,  A.  L.  L.;  carbohy- 

drate  

389 

+246 

635 

21.2 

273 

+  700 

979 

32.7 

1,498 

-  117 

1,381 

46. 1 

aCompt.  Bend.  Soc.  Biol.  [Paris],  58  (1905),  17,  p.  813. 
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Table  99. — I  tanized  income  ■and  outgo  of  energy  par  day  in  metabolism  experiments 
Nos.  56-68  and  60-67— Continued. 


Experiment     nuTubor , 
subject,  and  character 
of  diet. 

Total  income  of  energy. 

Outgo  of  energy. 

Heat  of  com- 
bustion of 
food. 

From  body. 

Estimated 
energy  of 
body  mate- 
rial plus  en- 
ergy of  food 
as — 

m 

CD 

0 

0 

3 

+^ 

c3 
<a 

0 
& 

0 
3 

B 

a 
t( 

+3 

X 

"3 

0 

a 

■d 

a; 

■3 

•6 
c 

0 

s, 

• 

0  <o 
0  — 

■3 

Q 

0^ 

d 

g 

Cals. 

Cals. 

Cals. 

Per  ct. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

56,  J.  C.  W.; 

fat  

5, 698    5, 565 

+  23 

0.4 

5,721 

5,688 

309 

138 

4, 715 

569 

5,731 

57,  J.  C.  W. 

carbohy- 

drate  

5, 487 

5,532 

+  323 

5.6 

5,810 

5,855 

268 

.  128 

4,833 

602 

5,831 

58,  H.F.;  carbohydrate. 

1,491 

1,500 

+  535 

26.4 

2,026 

2,035 

67 

76 

1,904 

2,047 

60,  B.  F.  D. 

carbohy- 

drate  

2,523 

2,509 

-  101 

-  4.2 

2,422 

2,408 

132 

129 

2,228 

2,489 

61,  B.  F.  D. 

carbohy- 

drate  

3,610 

3, 614 

+  1,148 

24.1 

4,764 

4, 762 

161 

138 

4, 146 

419 

4,864 

62,  A.  L.  L. 

carljohy- 

drate  

4,614 

4,636 

+  476 

9.4 

5, 090 

5,112 

229 

131 

4,362 

459 

5,181 

63,  A.  L.  L.; 

f  at  

4, 682 

4,753 

+  524 

10.1 

5,206 

5,277 

210 

136 

4,431 

459 

5,236 

64,  A.  L.  L.; 

fat  

5,402 

5,393 

+  2, 130 

28.3 

7,532 

7,523 

210 

128 

6, 180 

957 

7,475 

65,  A.  L.  L. 

;  carljohy- 

drate  

2,  .394 

2, 369 

+  440 

15.5 

2,834 

2,809 

92 

176 

2,453 

2,721 

66,  A.  L.  L. 

•  carliohy- 

drate  

2,089 

2,062 

+  649 

23.7 

2, 7.38 

2,711 

92 

157 

2,471 

2,720 

67,  A.  L.  L. 

carboliy- 

drate  

2,160 

2, 115 

+  835 

27.9 

2,995 

2,950 

92 

130 

2,689 

2,911 

In  the  above  summary  the  total  income  of  energy  to  the  body  is 
considered  as  the  potential  energy  of  the  food  plus  that  of  body 
material  lost  or  less  that  of  body  material  stored.  The  estimation  of 
the  potential  energy  of  the  body  material  stored  or  lost  has  already 
been  explained  (p.  75).  The  amounts  of  energy  as  thus  computed  on 
the  preceding  pages  are  here  summarized. 

The  total  potential  energy  of  the  food  is  its  heat  of  combustion  as 
directly  determined.  A  column  in  the  table  above  contains  the  data 
regarding  the  total  determined  heat  of  combustion  of  the  daily  food 
in  each  experiment.  In  addition  to  this,  for  use  in  discussion  of  sev- 
eral topics  on  subsequent  pages,  the  total  potential  energy  of  the 
protein,  the  fat,  and  the  carbohydrate  of  the  diet  in  each  experiment 
is  also  given.  It  is  manifestly  impracticable  to  make  actual  deter- 
minations of  these  values.  They  are  computed  from  the  detailed 
data  of  the  various  experiments  regarding  the  quantity  of  each 
nutrient  in  the  different  kinds  of  food  in  the  ration  and  the  best  avail- 
able data  regarding  the  heat  of  combustion  of  the  several  nutrients  in 
different  lands  or  classes  of  food  materials." 

The  sum  of  the  quantities  of  potential  energy  of  the  protein,  fat, 
and  carbohydrate  of  the  diet  is  the  estimated  total  energy  of  the  diet. 


o  Connecticut  (Storrs)  Sta.  Rpt.,  1899,  p.  104. 
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In  a  large  majority  of  the  cases  the  heat  of  combustion  thus  estimated 
agrees  very  satisfactorily  with  that  actually  determined.  The  esti- 
mation of  the  potential  energy  of  the  several  nutrients  may  therefore 
be  considered  sufficiently  accurate  for  the  purposes  for  which  the  fig- 
ures are  used  on  later  pages.  These  results  are  especially  interesting 
in  showing  the  large  proportion  of  energy  of  the  fat  in  the  so-called 
fat  diets  and  of  the  carbohydrates  in  the  carbohydrate  diets  and  the 
difficulty  of  eliminating  entirely  either  of  these  nutrients  from  a  diet 
in  which  the  other  preponderates. 

The  total  outgo  of  energy  consists  of  the  heat  of  combustion  of  the 
unoxidized  material  of  feces  and  of  urine,  the  energy  eliminated  from 
the  body  directly  as  heat,  and  as  external  muscular  work. 

As  a  result  of  the  large  number  of  experiments  which  have  been 
made  with  the  respiration  calorinieter  in  the  past  decade,  it  is  more 
and  more  clear  that  the  amounts  of  matter  and  energy  katabolized 
in  the  body  are  decided  almost  wholly  hj  its  activity.  M-uscidar  work 
may  be  said  to  be  the  factor  determining  metabolism. 

Muscular  work  consists  of  the  internal  physiological  work,  such  as 
that  of  circulation,  respiration,  peristalsis,  etc.,  and  of  voluntary  mus- 
cular action.  The  latter  may  be  divided  into  major  movements  and 
minor  movements.  The  major  movements  consist,  in  experiments 
of  the  type  here  reported,  of  rising,  dressing,  weighing  of  self  and 
bedding,  changing  position  from  sitting  to  standing  or  reclining,  or 
walking  to  and  fro  within  the  limits  of  the  chamber,  the  muscular 
work  of  eating  and  drinking,  and  the  mani[)vdations  incidental  to 
care  of  food  and  excreta  and  adjusting  the  furniture;  and,  obviously, 
in  experiments  on  muscular  work,  the  movements  incidental  to  riding 
the  bicycle  ergometer  are  of  very  great  importance.  The  minor 
movements  consist  in  turning  over  in  betl,  changing  the  position 
while  sitting,  moving  the  hands,  arms,  and  legs  without  other  change 
of  position,  and  the  activities  incidental  to  reading  and  to  ^\Titing 
with  a  pen.  The  position  of  the  telephone  inside  the  chamber  was 
such  that  the  subject  could  use  it  without  rising  from  the  chair,  and, 
consequently,  telephoning  also  may  be  classed  as  i  minor  move- 
ment. By  far  the  larger  number,  of  movements  in  a  rest  experiment, 
that  is,  one  without  prescribed  muscular  work,  are  of  this  class. 

While  it  is  perfectly  clear  that  muscular  work  on  the  bicycle 
ergometer  involves  a  very  large  transformation  of  matter  and  energy, 
and  the  other  major  movements  likewise  but  to  a  lesser  degree,  it 
is  also  true  that  the  minor  movements  involve  much  greater  trans- 
formations than  is  commonly  supposed,  and  such  movements  must 
be  considered  when  interpreting  the  results  of  experiments  which 
are  supposed  to  be  otherwise  comparable.    It  is  diflicult  for  one  who 
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has  not  taken  some  notice  of  them  to  imagine  the  large  number  of 
minor  muscular  movements  made  by  a  man  in  the  course  of  twenty- 
four  hours.  Even  when  the  subject  sits  reading  or  lies  sleeping  the 
number  of  small  movements  is  large. 

This  is  well  illustrated  by  the  recoi-ds  given  on  page  86  in  connection 
with  the  data  of  experiment  No.  58.  Although  tliis  subject  had 
trained  himself  to  control  his  activities  and  was  asked  to  restrict 
them,  his  bodily  activity  was  appreciable  each  day;  and  of  particu- 
lar interest  is  the  fact  that  the  number  and  kind  of  actions  differed 
somewhat  from  day  to  day,  so  that  if  all  other  conditions  had  been 
equal  the  heat  output  would  have  varied  day  by  day  from  this  cause. 

The  number  of  movements  by  this  subject  is  probably  a  minimum 
for  a  man  under  the  conditions  obtaining  in  these  experiments. 
With  ordinary  subjects  it  is  very  greatly  increased.  Om'  experience 
in  these  investigations  agrees  fully  with  that  of  other  investigators 
who  find  difficulty  in  securing  complete  body  repose  dming  periods 
of  aiiy  considerable  length  of  time.  In  fact,  this  forms  the  basis  of 
a  very  serious  criticism  against  experiments  of  short  periods,  espe- 
cially those  less  than  an  horn'.  In  our  judgment  it  is  in  many  cases 
possible  to  obtain  comparable  experiments  only  by  making  the 
experimental  period  cover  several  hours  in  which  variations  in  mus- 
cular activity  will  more  or  less  equalize.  To  attempt  to  compare 
periods  of  fifteen  to  thirty  minutes,  in  which  there  may  be  marked 
variations  in  muscular  activity  in  spite  of  the  muscular  control  of 
the  subject,  is  futile,  since,  as  experimental  evidence  accumulates,  it 
is  becoming  more  and  more  clear  that  experiments  in  which  the 
bodily  activity  is  not  uniform  are  not  comparable.  To  secure  such 
uniformity  is,  with  the  majority  of  subjects,  a  very  difficult  prob- 
lem. In  order  to  eliminate  as  far  as  possible  the  discrepancies 
arising  from  fluctuations  in  muscular  activity,  we  must  therefore 
rely  on  a  large  number  of  experiments  with  different  individuals  in 
which  the  average  fluctuations  from  bodily  activity  will  be  the  same. 

MUSCULAR  WORK  ON  THE  ERGOMETER. 

The  relation  of  muscular  work  to  metabolism  is  not  specially  dis- 
cussed in  the  present  bulletin,  but  a  comparison  of  the  relative  values 
of  fats  and  carbohydrates  as  sources  of  energy  for  muscular  work  is 
given  beyond.  The  methods  of  measuring  muscular  work  in  the 
work  experiments  here  reported  were  very  much  more  satisfactory 
than  in  those  previously  reported.  The  error  in  the  results  of  such 
measurements  in  earlier  experiments  is  considerable,  but  in  these  it 
is  probably  negligible.  The  bicycle  ergometer  (p.  48)  is  so  constructed 
and  calibrated  that  the  amount  of  work  done  is  directly  propor- 
tional to  the  number  of  revolutions  of  the  pedals,  provided  that  the 
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electric  current  passing  through  the  magnet  is  uniform.  Care  was 
taken  in  all  the  experiments  here  recorded  to  have  the  current 
exactly  the  same  on  all  days.  The  record  of  the  work  done  on  the 
ergometer  in  all  the  work  experiments  reported  in  this  l)ulletin  is 
given  in  Table  120  in  the  Appendix.  In  the  first  column  is  recorded 
the  date  of  the  experiment;  in  the  second,  the  actual  time  during 
which  the  work  was  done;  in  the  third,  the  length  of  the  period  in 
hours  and  minutes;  in  the  fourth,  the  number  of  revolutions  of  the 
pedals,  and  in  the  fifth,  the  heat  efpiivalent  of  the  total  work. 

The  actual  number  of  revolutions  of  the  pedals,  and  consequently 
the  heat  equivalent  of  the  work  done,  varied  slightly  on  the  different 
days.  In  the  three  days  of  experiment  No.  56  the  number  of  revo- 
lutions ranged  from  23,092  to  25,836,  and  the  heat  equivalent  of  the 
total  work  done  from  538  to  602  calories.  The  heat  equivalent  of 
the  total  work  done  during  the  three  days  of  experiment  No.  56 
was  1,708  calories.  In  experiment  No.  57  the  total  number  of  revo- 
lutions varied  from  24,156  to  28,212  per  day,  with  the  corresponding 
variation  in  the  heat  equivalent  of  total  work,  i.  e.,  from  563  to  657 
calories.  The  total  heat  equivalent  of  the  work  done  for  three  days 
in  experiment  No.  57  was  about  100  calories  greater  than  in  experi- 
ment No.  56.  In  experiment  No.  61  the  work  done  was  consider- 
ably less  than  in  any  day  of  experiments  Nos.  56  and  57,  as  the 
subject  was  by  no  means  so  used  to  muscular  work.  On  each  of 
the  six  days  of  experiments  Nos.  62  and  63  the  total  number  of 
revolutions  per  day  was  19,700,  and  the  heat  equivalent  of  the  work 
done  was  459  calories.  On  the  one  day  of  experiment  No.  64,  when 
the  excessive  muscular  work  was  performed,  the  total  amount  of 
work  done  was  more  than  twice  that  per  day  in  Nos.  62  and  63, 
the  number  of  revolutions  being  41,000,  and  the  heat  equivalent  of 
external  muscular  work,  957  calories. 

FATS   VERSUS  CARBOHYDRATES  AS  PROTECTORS  OF  BODY 

MATERIAL. 

The  growing  custom  of  estimating  the  energy  from  carbohydrates 
and  fats  as  equivalent  both  as  sources  of  muscular  work  and  for  the 
protection  of  body  material  is  based  in  large  measure  upon  actual 
experiment.  One  criticism  of  the  deductions  from  the  results  of  the 
experiments  thus  far  reported,  however,  is  that  it  is  extremely  diffi- 
cult to  secure  diets  with  like  quantities  of  energy  during  one  period 
in  fat  and  in  the  other  period  in  carbohydrates,  in  which  the  digesti- 
bility of  the  food  shall  be  alike  in  both  experiments.  In  the  series 
of  experiments  here  reported,  there  are  two  sets  of  experiments, 
Nos.  56  and  57,  and  Nos.  62  and  63,  that  permit  of  the  comparison  of 
fats  and  carbohydrates  as  protectors  of  body  material.  These  are 
summarized  in  Table  100. 
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Table  100. — Fats  versus  carbohydrates  as  protectors  o f  body  material. 


Experiment  number,  character, 
and  subject. 

Kind  of  diet. 

Dura- 
tion. 

Amount  per  day. 

Avail- 
able en- 
eigy  oi 

lood. 

linergy 
of  ex- 
ternal 

Tniiscu~ 

lar 
work. 

Gain  o 

Pro- 
tein. 

r  loss  0 
materia 

Fat. 

f  body 

C^LrVj  0- 
hy-  " 
drates. 

50,  worlc,  J.C.  W  

57,  work,  J.  C.  W  

62,  work,  A.  L.  L  

63,  work,  A.  L.  L  

Fat..-  

Carbohydrates 

 do  

Fat  

Days. 
3 
3 
3 
3 

Calories. 
5,118 
5,136 
4,276 
4,407 

Calories. 
569 
002 
459 
459 

Grams. 
+  3.52 

-  1.12 

-  5.22 
-11.98 

Grams. 
-  7.03 
-21.48 
-24.87 
-46.69 

Grams. 
-1-5.83 
-26. 76 
-49. 89 
-  2.55 

In  experiments  Nos.  56  and  57  the  amount  of  available  energy  was 
practically  the  same  in  both  diets.  Unfortunately,  the  amount  of 
external  muscular  work  was  somewhat  greater  on  the  carbohydrate 
than  on  the  fat  diet,  and  it  is  furthermore  to  be  regretted  that  the 
experiments  were  separated  by  several  days,  during  which  time  ho 
observations  on  the  gain  or  loss  of  body  material  were  made.  The 
loss  of  body  material  was  greater  in  experiment  No.  57  than  in  exper- 
iment No.  56,  but  this  may  be  due  to  the  fact  that  the  external 
muscular  work  was  greater,  and  a  comparison  is  still  possible,  if  due 
allowance  be  made  for  the  fact  that  the  extra  33  calories  of  external 
muscular  work  in  experiment  No.  57  would  increase  the  drafts  upon 
body  material.  It  is  nevertheless  difficult  to  obtain  from  the  data 
in  these  two  experiments  any  definite  conclusions  regarding  the  rela- 
tive efficiency  of  the  fats  and  the  carbohydrates  as  protectors  of 
body  material.  In  experiments  Nos.  62  and  63,  on  the  other  hand, 
the  external  muscular  work  was  purposely  made  the  same  in  both, 
but  unfortunately  the  amount  of  available  energy  was  considerably 
less  in  the  carbohydrate  than  in  the  fat  diet,  owing  to  a  change  in 
the  diet  that  was  necessary  to  make  it  palatable  to  the  subject. 
With  both  diets,  there  was  a  draft  upon  the  body  material,  but  even 
with  the  excess  of  available  energy  in  the  food,  the  draft  upon  body 
protein  and  body  fat  was  greater  with  the  fat  diet  than  with  the 
carbohydrate  diet.  On  the  other  hand,  the  draft  upon  body  car- 
bohydrate was  much  less.  The  difference  in  the  amounts  of  avail- 
able energy  of  the  food  makes  the  comparison  somewhat  difficult, 
but  it  would  appear  from  the  results  of  these  two  exjieriments  that 
the  fats  were  somewhat  less  efficient  than  the  carbohydrates  as  pro- 
tectors of  body  material. 

Regarding  the  gain  or  loss  of  body  protein,  it  is  important  to  note 
that  fluctuations  in  diet  produce  marked  fluctuations  in  the  elimi- 
nation of  nitrogen  in  the  urine.  These  fluctuations  may  be  consid- 
ered as  concurrent  with  the  disintegration  of  proteid  material,  though 
it  is  yet  to  be  settled  by  more  extensive  experimenting  whether  this 
is  absolutely  the  case  or  not.    The  assumption  that  there  is  neither 
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retention  nor  sweeping  out  of  nitrogen  from  the  system  with  the 
alteration  in  diet  other  than  that  caused  by  the  corresponding  dis- 
integration or  storage  of  body  material  is,  in  our  judgment,  not 
sufficiently  well  founded  to  form  a  basis  for  the  statement  that  fat 
does  not  protect  body  protein  to  as  great  an  extent  as  carbohydrates. 
The  discussion  of  the  protection  of  body  fat  or  carboliyd  rates  l)y  the 
carbohydrates  or  fat  in  the  diet  may  be  perhaps  more  intelligently 
considered  when  the  total  energy  involved  in  metabolism  is  taken 
into  account. 

PROTEIN  AS  THE  SOURCE  OF  MUSCULAR  WORK. 

A  comparison  of  the  heat  equivalent  of  the  external  muscular  work 
with  the  energy  of  the  protein  metabolized  in  the  work  experiments 
is  interesting  in  view  of  the  opinion  held  by  Pfliiger  and  Argutinsky*^ 
that  the  metabolism  of  protein  is  the  source  of  muscular  work. 

As  previously  stated,  the  measurement  of  external  muscular  work 
in  the  respiration  calorimeter  experiments  in  which  the  present  form 
of  ergometer  is  used  is  quite  accurate.  The  heat  equivalent  of  the 
external  muscular  work,  the  energy  of  the  protein  oxidized  and  the 
total  amount  of  energy  transformed,  are  summarized  in  Table  101. 

Table  101. —  Comparison  between  energy  of  total  protein  oxidized  and  energy  of  external 
muscular  work — Average  per  day. 


Experiment. 


Carbohydrate  diet. 

No.  ru.  sul>jrct  .T.  C.  W  

No.  (.1.  Miliicct  B.  F.  D  

No.  02,  .-iiilijcct  A.  L.  L  

Average  No.s.  ,57  and  02  

Average  above  e.xperiinent.s  

/•■(;/  diet. 

No.  56,  subject  J.  C.  W  

No.  03,  .siil)jeet  A.  L.  L  

No.  04,  subject  \.  L.  I.  

Average  Nos.     and  03  

Average  above  experiments  

Average  Nos.  57,  ()2,  .'j6,  and  03  

Average  above  Oexperiments,  fat  and  carbohydrate 
diets.  


Dura- 
tion. 

ITeat 
equivalent 
of  external 
muscular 
work. 

Energy  of 
protein  oxi- 
dized. 

Total  en- 
ergy tran.s- 
formed. 

Days. 
3 
1 
3 

Calories. 
(502 
419 
459 

Calories. 
421 
474 
425 

Calories. 
5, 435 
4,505 
4,821 

6 

531 

423 

5,128 

■7 

515 

430 

5,048 

3 
3 
1 

569 
459 
957 

449 
490 
431 

5,284 
4,890 
7,137 

6 

514 

470 

5,087 

7 

577 

464 

5,380 

12 

523 

447 

5,108 

14 

546 

447 

5,214 

In  four  of  tlie  six  experiments  the  energy  of  protein  oxidized  was 
considerably  less  than  that  of  the  external  muscular  work  performed. 
This  of  itself  may  be  advanced  as  an  argument  against  the  theory  that 

a  Arch.  Physiol.  [Pflugor],  40  (1889-90),  p.  552,  and  50  (1891),  p.  98. 
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external  muscular  work  is  chiefly  derived  from  oxidation  of  protein. 
In  a  previous  report "  a  similar  comparison  was  made,  and  there  was 
included  in  the  experiments  one  in  which  an  unusual  amount  of  mus- 
cular work  was  performed,  equivalent  to  1 ,482  calories  in  twenty-four 
hours,  during  which  period  the  energy  of  the  protein  oxidized 
amounted  to  but  478  calories.  In  the  present  series  of  experiments 
No.  64  is  of  a  similar  nature.  In  this  case  the  heat  equivalent  of 
external  mviscular  work  was  957  calories,  while  the  energy  of  the  pro- 
tein oxidized  was  but  431  calories. 

In  the  earlier  report  it  was  assumed  that  all  the  nitrogen  resulting 
from  the  disintegration  of  protein  on  the  days  of  severe  work  was 
excreted  on  that  day,  though  it  was  pointed  out  that  there  may  have 
been  a  lag  in  elimination  of  nitrogen  from  the  katabolized  body  pro- 
tein. As  a  matter  of  fact  the  urine  was  collected  for  two  days  follow- 
ing this  experiment,  and  a  very  marked  increase  ^  in  the  elimination 
of  nitrogen  was  observed;  but  unfortunately  dm"ing  these  two  days 
an  exact  record  of  the  food  eaten  was  not  kept,  consequently  there 
.was  no  evidence  that  the  increased  nitrogen  elimination  might  not 
have  been  a  result  of  an  increased  ingestion  of  protein  rather  than  an 
increased  elimination  due  to  extra  katabolism  of  body  protein  on  the 
preceding  day  of  severe  muscular  work. 

In  experiment  No.  64,  here  reported,  the  heat  equivalent  of  external 
muscular  work  was  over  twice  that  of  the  energy  of  the  protein  oxi- 
dized. Here  also  there  was  a  very  marked  increase  in  the  elimination 
of  nitrogen  on  the  days  following  the  experiment,  as  shown  in  Table  106 
of  the  Appendix.  But  with  all  due  allowance  for  any  delaj^  in  the 
excretion  of  nitrogen  resulting  from  the  katabolism  of  protein  induced 
by  severe  muscular  work,  the  total  probable  disintegration  is  still  far 
from  sufficient  to  supply  all  the  energy  for  external  muscular  work. 
Further  experiments  designed  more  specifically  to  study  the  relations 
between  the  protein  oxidized  and  the  heat  equivalent  of  muscular 
work  are  planned,  and  it  is  hoped  that  more  data  on  this  problem  will 
soon  be  accumulated,  but  at  present  these  experiments  do  not  war- 
rant the  conclusion  that  protein  is  to  be  regarded  as  the  sole  or  the 
principal  source  of  muscular  energy. 

RELATIVE  EFFICIENCY  OF  FATS  AND  CARBOHYDATES  IN 
RATIONS  FOR  MUSCULAR  WORK. 

Experiments  Nos.  62  and  63  furnish  data  for  comparing  the  relative 
efficiency  of  fats  and  carbohydrates  as  sources  of  energy  for  muscular 

oU.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  136,  p.  188. 

b  The  data  for  the  nitrogen  elimination  for  the  three  days  here  under  discussion,  i.  e., 
April  30,  May  1  and  2,  1902,  of  which  the  first  day  was  the  sevcre-worlv  experiment 
No.  55,  are  given  in  detail  in  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations 
Bui.  136,  p.  220. 
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work.  The  amount  of  muscular  work  performed  was  exactly  the 
same  in  both  experiments,  antl  in  both  cases  the  amount  of  energy  was 
insuflicient  to  meet  the  demands  of  the  body.  One  ration  contained 
a  considerable  j)ro])ortion  of  carbohydrates  which  in  the  other  ration 
was  replaced  by  a  coi-responding  proportion  of  fat.  The  question  is, 
whether  there  was  any  difference  in  the  total  quantities  of  energy 
transformed  and  in  the  drafts  which  the  body  made  upon  its  j^re- 
viously  accumulateil  stores  of  material  to  suj^ply  its  demands  for  a 
like  amount  of  energy  for  muscular  work.  The  data  for  comparison 
are  here  smnmarized. 


Table  102. — Efficiency  of  fats  versus  carbohydrates  in  work  experiments  Nos.  62  and  63 
with  A.  L.  L. — Quantities  per  day. 


Character  of  o.xperiincnt. 

(a) 

Avail- 
able 
energy 
of  food. 

(6) 

Energy 
of  body 
material 
lost. 

(c) 

Energy 
of  total 
material 
oxidized. 

id) 

Appar- 
ent defi- 
ciency 
with  fat 
diet. 

(e) 
Energy 
of  fats 
and  car- 
bohy- 
drates 
replac- 
ing each 
other. 

Per  cent  efficiency 
of  energy. 

■     (/)     !  <9) 
-d?i/vs.  i  Off'^t^ 
carbohy-  YiohT 

drates 
diet.    1  'I'^a'^es. 

No.  (i2,  carbohydrate  diet  

No.  03,  fat  diet  

Calories. 
4,276 
4,407 

Calorie.^. 
476 
524 

Calories. 
4,752 
4,931 

Calories. 
1  179 

Calories. 
1,680 

Per  cent. 
95.9 

Per  cent. 
89.4 

Although  there  was  considerable  more  available  energy  in  the  fat 
diet  (colunm  a)  a  larger  amount  of  energj^  was  derived  from  body 
material  (column  b),  so  that  the  total  energy  from  material  oxidized 
in  the  body  (column  r)  was  179  calories  larger  with  the  fat  diet  than 
with  the  carbohydrate  diet.  This  apparent  deficiency  of  the  fat 
diet  is  4.1  per  cent  of  the  average  amoiuit  of  available  energy  in  both 
diets,  which  substracted  from  100  would  indicate  that  the  fat  diet 
was  but  95.9  per  cent  as  efficient  as  the  carbohydrate  diet. 

The  amount  of  energy  of  the  fats  and  carboh3^drates  replacing  each 
other  in  the  diet  averaged  1,680  calories.  This  is  ascertained  from 
the  data  in  Table  99.  In  experiment  No.  62  the  total  heat  of 
combustion  of  the  fat  of  the  food  was  1,066  calories,  and  that  of 
the  carbohydrates  2,968  calories;  whereas  in  experiment  No.  63  the 
potential  energy  of  the  food  fat  was  2,778  calories,  and  that  of  the 
carbohydrates  1,319  calories.  The  total  energy  of  the  fat  of  the  food 
was  therefore  1,712  calories  larger,  and  that  of  the  carbohydrates 
1,649  calories  smaller,  hi  experiment  No.  63  than  in  No.  62,  the 
average  of  the  two  values,  1 ,680  calories,  being  assumed  as  the  quantity 
of  replacement.  If  the  difference  in  efficiency  noted  in  the  two  diets 
be  ascribed  wholly  to  the  fat,  the  relative  or  percentage  efficiency  of 
the  fat  as  compared  to  the  carbohydrate  of  the  diet  would  be  found 
by  dividing  the  179  calories  deficiency  by  the  1,680  calories  of  replace- 
ment and  substracting  the  quotient  from  100.  According  to  the 
figures  given  in  column  {/  the  fat  would  be  but  89.4  as  efficient  as 
the  carbohydrate  as  the  source  of  energy  for  muscular  work. 


236 


It  is  interesting  to  note  that  the  vakies  here  foundj  which  are  based 
upon  considerably  more  accurate  data  than  those  in  the  previous 
report,"  show  even  a  wider  discrepancy  between  fat  and  carbohy- 
drate in  a  diet  for  muscular  work.  Whether  the  results  of  the  earlier 
experiments  were  influenced  by  errors  which  were  enumerated  and 
discussed  in  the  previous  report,  or  whether  the  differences  are  due 
to  variations  in  the  subject  or  diet,  the  results  here  discussed  do  not 
of  course  show.  The  results  here  reported  are  not  entirely  free  from 
error.  The  deductions  here  drawn  are  based  on  the  assumption  that 
the  amount  of  muscular  work  performed  by  the  subject  was  the 
same  in  both  experiments.  The  measured  external  work  was  the 
same,  but  the  major  and  minor  movements,  to  which  reference  has 
been  made  on  a  preceding  page,  were  not  necessarily  ^identical, 
although  an  effort  was  made  to  control  them,  and  variations  in  these 
ma}^  have  had  some  influence  upon  the  apparent  discrepancy  here 
pointed  out.  In  fact,  although  the  discrepancy  between  the  fats 
and  carbohydrates  is  apparently  a  measurable  one,  it  is  seriously  to 
be  questioned  whether  it  is  not  more  apparent  than  real. 

Although  experiments  Nos.  62  and  63  are  especially  adapted  for 
a  consideration  of  the  relative  efficiencies  of  fats  and  carbohydrates 
in  rations  for  muscular  work,  it  may  be  interesting  to  note  the  avail- 
able energy  of  the  food  and  the  energy  of  external  muscular  work, 
of  the  material  oxidized  in  the  body,  and  of  body  material  gained  or 
lost  in  all  the  work  experiments  here  reported  with  both  fat  and  car- 
bohydrate diet.    The  results  are  shown  in  Table  103. 


Table  103. — Relative  efficiency  of  fats  and  carbohydrates  in  rations  for  muscular  work — 

Quantities  per  day. 


Subject  and  kind  of  experiment. 

Dura- 
tion. 

Availa- 
ble en- 
ergy of 
food. 

Energy 
of  exter- 
nal mus- 
cular 
work. 

Energy 
of  mate- 
rial oxi- 
dized. 

Energy 
of  body 
material 
gained 
{+)  or 
lost  (-). 

Experiment  No.  .50,  subject  J.  C.  W.,  fat  diet  

Experiment  No.  57,  subject,  J.  C.  W.,  carboliydrate 
diet  

Days. 
3 

3 

1 

3 
3 
1 

Calories. 
5,118 

5, 136 

3,315 

4,276 
4,407 
5,055 

Calories. 
569 

602 

419 

459 
459 
957 

Calories. 
5,141 

5,459 

4,463 

4,752 
4,931 
7, 185 

Calories. 

-  23 

-  323 
-1,148 

-  476 

-  524 
-2, 130 

Experiment  No.  01,  subject,  B.  F.  D.,  carboliydrate 
diet  

Experiment  No.  02,  suljject,  A.  L.  L.,  carbohydrate 
diet  

Experiment  No.  03,  subject,  A.  L.  L.,  fat  diet  

Experiment  No.  04,  subject,  A.  L.  1^.,  fat  diet  

Average  for  experiments  Nos.  57  and  02,  carlio- 
drate  diet  

6 

4,706 

531 

5,106 

-  400 

Average  for  experiments  Nos.  50  and  03,  fat 
diet  

6 

4,763 

514 

5,030 

-  273 

Average  tor  all  3  experiments,  carbohydrate 
diet  '.  

7 

.  4,507 

515 

5,014 

-  500 

Average  for  all  3  experiments,  fat  diet  

7 

4,804 

577 

5,343 

-  539 

aU.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  136,  p.  185. 
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In  view  of  the  difTerences  in  the  amounts  of  available  energy  from 
food  and  in  those  from  material  actually  oxidized,  specific  deductions 
are  not  warranted.  One  point,  however,  is  of  interest.  If  the  aver- 
age results  of  the  three  experiments  made  with  different  subjects  on 
carbohydrate  diet  are  compared  with  those  of  the  corresponding  exper- 
iments with  fat  diet,  the  discrepancies  between  the  available  energy 
of  food,  the  energy  of  external  muscular  work  and  energy  of  material 
oxidized  practically  counterbalance;  but  with  the  carbohydrate  diet 
there  was  507  calories  of  energy  from  body  materials,  and  539  calories 
with  the  fat  diet.  This  woidd  imply  that  the  carbohydrates  were 
slightly  more  efficient  as  sources  of  energy  for  muscular  work,  which 
is  in  direct  opposition  to  the  deductions  from  the  results  of  experi- 
ments Nos.  50  and  63  taken  together,  as  com]>ared  with  experiments 
Nos.  57  and  62,  but  is  in  harmony  with  those  from  experiment  No.  62 
as  compared  with  No.  63.  In  all  probability  the  results  of  experi- 
ments Nos.  62  and  63  are  more  directly  comparable  than  any  averages 
of  experiments  diilering  so  widely  in  conditions;  therefore  the  dedue-- 
tions  previously  drawn  from  the  residts  of  these  two  experiments  seem 
to  warrant  the  belief  that  fats  are  possibly  slightly  inferior  to  carbo- 
hydrates as  sources  of  energy  for  nuiscular  work. 

VENTILATION. 

The  results  of  many  of  the  experiments  with  the  respiration  calo- 
rimeter, both  in  its  early  and  in  its  present  form,  are  of  considerable 
significance  in  a  consideration  of  the  general  subject  of  ventilation, 
and  it  seems  fitting,  therefore,  that  the  data  of  such  character  obtained 
with  the  apparatus  should  be  discussed.  Inasmuch  as  this  topic  has 
not  received  especial  attention  in  previous  publications  of  this  Ofhce, 
data  obtained  with  the  earlier  form  of  apparatus  will  be  included  in 
tliis  discussion,  although  the  most  striking  experiments  were  made 
with  the  new  form  of  apparatus. 

NORMAL  PERCENTAGE  OF  CARBON  DIOXID  IN   ATMOSPHERIC  AIR. 

Since  carbon  dioxid  is  a  product  of  respiration,  and  results  from  the 
combustion  of  illuminating  gas  and  the  fuel  of  ordinary  heating  appli- 
ances, it  is  nt)t  at  all  surprising  that  the  proportion  found  in  air  has 
long  been  considered  an  index  of  the  degree  of  purity  of  the  air.  Fur- 
thermore, the  determination  of  carbon  dioxid  is  accompli.shed  with 
greater  ease  and  with  much  simpler  apparatus  than  is  the  case  with  the 
determination  of  the  other  tlxree  ingredients  of  the  atmosphere.  At 
first  sight  the  determination  of  the  moisture  content  of  the  air  by 
means  of  a  sling  jjsychrometer  might  appear  much  simpler  than  the 
estimation  of  the  amount  of  carbon  dioxid  even  by  the  hand  apparatus 
of  Wolpert.    The  amount  of  water  vapor,  however,  fluctuates  widely. 
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whereas  the  carbon  dioxid  content  of  normal  air  is  practically  a  con- 
stant. Since  normal  air  contains  a  relatively  definite  quantity  of  car- 
bon dioxid,  and  the  methods  for  determining  this  are  extremely  simple 
and  may  be  carried  out  ^vith  portable  apparatus,  estimations  of  carbon 
dioxid  can  be  readily  taken  as  an  index  to  the  degree  of  vitiation  of 
the  air. 

Most  writers  state  that  the  percentage  of  carbon  dioxid  in  normal 
atmospheric  air  is  4  parts  by  volume  in  10,000.  This  proportion  has 
been  derived  chiefly  from  analyses  of  air  taken  in  large  cities,  where 
there  would  be  an  undue  contamination  of  the  air  with  carbon  dioxid, 
both  from  the  lungs  and  also  from  the  enormous  quantities  of  fuel 
consumed.  The  proportion  found  as  a  result  of  several  thousand 
anal5^ses  of  normal  air  at  Middletown  is  only  3  par-ts  by  volume  per 
10,000,  which  is  more  nearly  m  accord  with  the  result  of  the  best  recent 
work.  Russell,'^  in  an  article  on  the  atmosphere  in  relation  to  human 
life  and  health,  expresses  surprise  that  the  older  value,  4  parts  per 
10,000,  is  still  so  almost  universally  taken  as  a  standard  when  3  parts 
per  10,000  is  more  strictly  in  accord  with  actual  observations., 
.  No  analyses  of  external  air  were  made  in  the  experiments  with  the 
present  form  of  respiration  calorimeter.  In  those  with  the  earlier 
form,  the  air  cm-rent  for  ventilating  the  respiration  chamber  was 
drawn  from  outside  the  laboratory  through  a  metal  pipe  extending 
beyond  the  walls  of  the  building.  Just  before  it  entered  the  respira- 
tion chamber  a  sample  of  the  air  was  ^wdthdrawn  through  a  small  pipe 
connected  with  the  large  one,  and  was  passed  through  U-tubes  con- 
taining pumice  stone  drenched  with  sulphuric  acid  to  remove  water, 
and  specially  prepared  soda  lime  to  remove  carbon  dioxid.  The  air 
sample  was  withdrawn  by  means  of  a  series  of  aspirators  of  a  capacity 
of  150  liters  each.  As  the  air  was  caused  to  flow  through  the  U-tubes 
at  a  rate  of  about  400  cubic  centimeters  per  minute,  about  flve  hours 
were  required  to  take  each  sample  of  150  liters.  As  soon  as  one  sam- 
ple was  taken,  another  aspirator  was  immediateh^  started,  conse- 
quently the  air  was  withdrawn  and  anah^zed  continuously  for  twenty- 
four  hours  of  the  day  and  from  four  to  ten  or  twelve  consecutive 
days. 

The  quantity  of  carbon  dioxid  removed  by  the  U-tube  connected 
with  each  aspirator  was  ascertained  from  the  increase  in  the  weight  of 
the  tube.  The  recorded  volume  of  the  aspirator  was,  in  each  case, 
reduced  to  standard  conditions,  i.  e.,  a  temperature  of  0°  and  a  pres- 
sure of  760  millimeters  of  mercur3^  The  results  of  the  analyses  of 
air  were  expressed  in  milligrams  of  carbon  dioxid  per  liter  of  air.  The 
average  of  a  large  number  of  such  analj^ses  is  0.6  milligram  per  liter, 
which  is  equivalent  to  very  close  to  3  volumes  of  carbon  dioxid  per 

a  Smithsn.  Misc.  Collect.,  1072  (1896),  p.  11. 
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10,000  volumes  of  air.  Fluctuations  in  the  amount  of  carbon  dioxid 
corresponding  to  those  reported  by  other  investigators  were  frequently 
noted,  variations  of  great  magnitude,  relatively  speaking,  being  ob- 
served on  foggy  days  and  on  days  when  the  wind  blew  from  the  factory 
portion  of  the  city.  The  laboratory  is  located  on  the  western  side  of 
the  city  and  there  are  comparatively  few  buildings  and  no  factories  to 
the  west  of  the  lal)oratory.  The  prevailing  winds  vary  from  south- 
west to  northwest,  consequently  the  air  passes  for  the  most  part  over 
a  district  free  from  houses  or  factories,  although  in  the  immediate 
vicinity  of  the  laboratory  there  are  a  number  of  college  buildings. 

IMPURE  AIR. 

Of  the  many  sources  of  carbon  dioxid  in  the  air  the  problem  of 
ventilation,  generally  speaking,  has  to  do  with  but  two — first,  the 
products  of  respiration  of  men  and  animals,  and,  second,  the  products 
of  combustion  of  fuel.  In  the  second  instance  the  combustion  is 
supposed  to  yield  ordinarily  only  carbon  dioxid  and  water,  while 
the  ])ro(lucts  of  respiration  of  men  and  animals  have  commonly  been 
tliought  to  contain  certain  volatile  concomitant  impurities,  possibly 
of  the  natiu'e  of  amins  or  of  alkaloidal  products.  Earlier  investi- 
gators, however,  considered  the  carbon  dioxid  decidedly  toxic  "per 
se."  Without  doubt,  in  the  large  majority  of  cases  the  actual  amount 
present  has  been  grossly  exaggerated.  History  has  given  iis  at  least 
two  tragic  results  of  bad  ventilation,  namely,  the  imprisonment  of 
146  persons  in  the  Black  Hole  of  Calcutta  and  the  confinement  of 
300  men  in  an  luidcrgroiuid  room  after  the  battle  of  Austerlitz.  The 
death  of  practically  every  individual  in  both  instances  leaves  no 
doubt  as  to  the  absolute  danger  to  life  of  poor  ventilation.  These 
two  calamities  have  frequently  been  cited  as  indicating  the  presence 
of  a  specific  toxic  poison  in  expired  air,  and  the  same  theory  has  led 
to  the  promulgation  of  the  doctrine  that  the  discomfort  felt  in  badly 
ventilated  rooms  is  due  to  the  presence  of  volatile  ptomaines  in 
expired  air. 

Experiments  of  Brown-Sequard  and  D'Arsonval  announcing  the 
presence  of  ptomaines  in  expired  air  soon  drew  the  attention  of  other 
investigators,  but  in  general  a  repetition  of  their  experiments  gave 
negative  results.  A  most  elaborate  and  painstaking  series  of  experi- 
ments was  made  by  Billings,  Mitchell,  and  Bergey,"  which  fail  at 
every  point  to  distinguish  the  presence  of  a  volatile  organic  poison 
in  human  breath.  The  conclusion  is  reached  that  the  acute  effects 
of  poor  ventilation  are  the  same  in  man  as  in  animals — that  is,  asphyxi- 
ation due  to  excessive  carbon  dioxid,  and  the  authors  consider  the 
discomfort  noticed  in  a  poorly  ventilated  room  a  result  in  general 


a  Smithsn.  Contrib.  KnowL,  vol.  29,  No.  980,  p.  81. 
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of  high  temperature  and  unpleasant  odors  which  arise  from  the  body. 
The  slight  increase  in  the  percentage  of  carbon  dioxid  occurring  in 
the  air  of  poorly  ventilated  rooms  has,  according  to  their  conclu- 
sions, no  effect  whatever  on  the  comfort  of  the  occupants.  The 
bibliography  of  the  subject  given  in  their  memou"  is  very  complete 
up  to  the  date  of  publication  (1S96). 

VENTILATION  OF  THE  RESPIRATION  CHAMBER. 

Ventilation  experts,  relying  largely  on  the  standards  established 
by  Pettenkofer,  demand  that  each  person  be  furnished  3,000  cubic 
feet  of  fresh  air  per  hour.  In  constructing  the  respiration  calorim- 
eter at  Middletown  the  problem  of  ventilation  was  a  serious  one. 
The  chamber,  which  is  7  feet  (2.15  meters)  long,  6  feet  (1.92  meters) 
high,  and  4^  feet  (1.22  meters)  wide,  has  a  cubical  content  of  approxi- 
mately 4,800  liters.  To  maintain  an  air  current  sufficient  to  supply 
3,000  cubic  feet,  or  85,000  liters,  of  pure  air  per  hour  would  require 
the  complete  change  of  air  in  the  apparatus  about  every  four  minutes, 
which  was  impracticable.  During  some  preliminary  experimenting 
it  was  found  that  persons  could  remain  several  hours  in  the  air-tight 
chamber  with  no  air  passing  tlirough  it,  with  no  special  discomfort 
other  than  that  produced  by  a  rise  in  temperature.  ^Vhen  a  cooling 
system  was  introduced  to  remove  the  heat  and  keep  the  teniperature 
comfortable,  the  absence  of  ventilation  was  not  noticeable  for  several 
hours  longer,  although  no  experiments  were  made  to  determine 
absolutely  at  what  time  discomfort  would  be  experienced.  In  fact, 
in  all  the  tests  made  with  the  apparatus  after  cooling  appliances  were 
provided  no  discomfort  was  at  any  time  felt;  consequently  experi- 
ments were  made  to  determine  the  effect  of  a  small  ventilation,  Avith 
provisions  to  increase  it  if  necessary. 

An  air  pump  was  so  adjusted  as  to  draw  about  100  liters  of  air  per 
minute  through  the  apparatus,  an  amount  only  one-twelfth  of  that 
required  by  authorities  on  ventilation.  No  discomfort  was  felt  by 
the  subject  after  a  sojourn  of  a  number  of  hours  in  the  apparatus 
with  this  rate  of  ventilation.  The  first  extended  experiment  was 
made  with  a  subject  who  fortunately  did  not  realize  the  nature  of  the 
test.  He  slept  with  his  accustomed  regularity,  and  no  abnormal 
conditions  of  any  kind  developed  during  the  night.  In  the  morning 
after  the  first  night  in  the  chamber  he  was  so  well  and  contented  that 
the  experiment  was  continued  two  and  one-half  days  without  inter- 
ruption or  break  of  any  kind.  His  health  was  not  onh'  excellent 
when  he  came  out,  but  continued  so.  A  second  experiment  of  equal 
length  was  made,  with  equally  satisfactory  results. 

The  third  experiment  was  carried  on  with  a  different  subject,  who 
had  assisted  in  those  preceding.  The  rate  of  ventilation  was  reduced 
from  100  to  75  liters  per  minute.  The  subject  was  not  aware  of  this 
reduction  and  believed  that  he  was  receiving  the  full  amount  of  the 
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previous  oxpevimonts.  This  oxperinient  continued  for  five  days, 
and  at  the  end  the  subject  feh  ])erfectlY  well  and  ready  to  repeat  the 
ex])erinient. 

For  the  fourtlf  experiment  another  assistant  volunteered  as  sub- 
ject, and  a  nuieli  nrore  elaborate  test  was  ])lanned,  to  continue  unbroken 
for  twelve  days.  Heretofore  both  subjects  had  been  at  rest,  but  in 
this  case  the  subject  was  to  devote  his  time  during  the  first  part  of 
the  experiment  to  intense  mental  work;  during  the  second  period  he 
was  to  remain  as  quiet  as  possible,  and  during  the  last  period  he  was 
to  engage  in  severe  muscular  work.  Unknown  to  the  subject  the 
ventilating  air  current  was  reduced  to  55  liters  per  minute  shortly 
after  the  experiment  began.  According  to  the  results  of  the  previous 
experiments  no  trouble  was  to  be  anticii)ated  during  the  first  and 
second  periods  of  the  experiment,  when  the  muscular  activity  was 
small,  but  with  increased  carbon  dioxid  i)roduction  accompanying 
the  hard  muscular  work  a  complaint  of  insuilicient  ventilation  might 
be  expected.  However,  in  spite  of  the  fact  that  the  daily  carbon 
dioxid  ])roduction  rose  from  800  grams  on  the  days  of  rest  to  1 ,400 
grains  on  the  days  of  work  and  remained  at  that  amount  for  three 
successive  days,  no  discomfort  was  felt  by  the  subject.  As  a  result 
of  these  tests  a  iiew  form  of  ])ump  was  installed,  the  so-called  Blakeslee 
meter  pump,  described  iii  previous  publications  of  this  Office."  Pro- 
vision was  made  for  a  maximum  ventilation  of  75  liters  per  minute, 
and  this  rate  was  used  in  all  experiments  with  the  respiration  apjja- 
ratus  in  its  earlier  form. 

The  exact  conditions  regarding  the  ventilation  of  the  respiration 
chamber  during  an  experiment  are  as  follows:  The  subject,  a  normal, 
healthy  man,  living  on  a  diet  approximately  sufficient  to  maintain 
his  body  in  carbon  and  nitrogen  equilibrium,  enters  the  respiration 
chamber  at  about  11  p.  m.  As  soon  as  the  large  sheet  of  glass  used 
to  seal  the  window  through  which  he  enters  is  securely  cemented  in 
place,  thus  making  the  whole  apparatus  air-tight,  the  air  pump  is 
started  and  a  continuous  current  of  air,  drawn  at  the  rate  of  75  liters 
per  minute,  is  maintained  during  the  whole  experiment.  Before  the 
subject  enters  the  chamber  the  furniture,  bedding,  dishes,  clothes,  and 
incidental  apparatus  are  put  in  ])lace,  this  generally  being  done  by  an 
assistant  who  eaters  the  chamber  and  takes  the  articles  from  a  second 
assistant  who  passes  them  through  the  window.  During  this  half 
hour's  occupancy  of  the  chamber  no  ventilation  is  maintained  other 
than  that  afforded  by  the  window;  therefore  it  is  probable  that  at  the 
moment  he  enters  the  chamber  for  an  experiment  the  subject  is  sur- 
rounded by  a  very  much  vitiated  atmosphere  so  far  as  regards  the 
amount  of  carbon  dioxid. 

aU.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Buls.  63,  p.  31,  and  136,  p.  20. 
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After  arranging  the  bed  and  furniture  for  the  night,  the  subject 
retires  at  11  o'clock.  Save  for  the  novelty  the  subjects  usually 
experience  no  difficulty  in  sleeping  well,  there  being  no  discomfort, 
headache,  or  stifling  sensation  of  any  kind.  At  7  a.  m.  a  sample  of 
the  air  is  analyzed,  and,  in  general,  8  milligrams  of  carbon  dioxid  per 
liter  are  found  to  be  present.  Since  the  carbon  dioxid  in  normal  air 
is  0.6  milligram  per  liter,  the  air  in  which  the  subject  has  been  sleep- 
ing all  night  therefore  contains  thirteen  times  the  normal  content  of 
carbon  dioxid. 

Amounts  of  Carbon  Dioxid  in  the  Air  in  the  Chamber. 

In  the  earlier  experiments  the  analyses  of  the  air  residual  in  the 
chamber  were  made  only  about  once  every  six  hours,  but  in  the  more 
recent  experunents  the  residual  amounts  of  carbon  dioxid  and  water 
are  determined  every  two  or  three  hours. 

Wlien  the  air  is  analyzed,  the  residual  amounts  of  carbon  dioxid  are 
directly  determined.  The  amount  present  in  the  air  at  other  times 
may  be  computed  from  the  total  weight  of  carbon  dioxid  produced, 
the  rate  of  ventilation,  and  the  time.  Such  computations  show  that 
during  an  early  morning  period — 3  a.  m.  to  5  a.  m. — when  the  carbon 
dioxid  production  is  generally  at  its  lowest,  the  amount  present  will 
be  found  in  general  to  be  7  milligrams  per  liter,  or  over  eleven  times 
the  standard  of  0.6  milligram  per  liter.  On  one  occasion,  following  a 
36-hour  fast,  the  carbon  dioxid  content  of  the  air  during  this  period 
was  found  to  be  5  milligrams  per  liter  or  eight  times  normal.  This  is, 
with  the  exception  of  a  special  experiment  to  be  reported  beyond,  the 
lowest  amount  ever  recorded."  It  is  evident,  then,  that  even  during 
that  portion  of  the  day  which  by  reason  of  decreased  carbon  dioxid 
production  is  most  favorable  for  good  ventilation,  the  atmosphere  is, 
relatively  speaking,  very  impure  as  compared  with  the  normal. 
This  condition,  which  represents  the  minimum  amount  of  carbon 
dioxid  during  the  whole  experimental  period,  does  not  usualty  con- 
tinue longer  than  two  or  three  hours.  After  rising  and  dressing  the 
subject  is  generally  quite  active  muscularly,  caring  for  the  bed  and 
bedding,  adjusting  the  table  and  weighing  apparatus,  and  making 
observations;  and  usually  it  is  not  until  about  7.45  a.  m.  that  he  is 
ready  to  sit  down  to  breakfast.  During  a  so-called  rest  experiment, 
this  period,  and  a  similar  one  just  before  the  subject  retires,  are  per- 
haps the  most  active  of  the  day,  as  the  remaining  time  is  generally 
spent  in  reading  or  writing.    In  these  two  2-hour  periods  the  air  con- 

a  For  purposes  of  comparison  with  other  work  it  might  be  more  convenient  to  have 
the  quantities  expressed  by  volume  rather  than  by  weight,  but  the  volume  per 
10,000  may  be  easily  computed  by  multiplying  the  number  of  milligi-ams  per  liter 
by  the  approximate  factor,  5.25.  In  the  last  example  cited,  for  instance,  5  milligrams 
per  liter  equals  about  twenty-six  volumes  per  10,000. 
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tains  on  an  avera^je  9.4  niilli<z;rams  of  carbon  dioxid  per  liter,  or 
nearly  sixteen  times  normal.  A  rest  experiment  seldom  lasts  more 
than  five  or  six  days. 

In  the  work  experiment,  however,  the  results  are  most  strikint)^. 
One  of  the  subjects,  J.  C.  W.,  who  servetl  in  many  experiments,  was  an 
athlet(>,  competino;  especially  in  bicycle  races.  During  the  work 
experiments  in  (he  respiration  calorimeter  he  rode  eio;ht  hours  ])er  day 
on  a  stationary  bicycle  ergometer.  The  work  was  done  in  periods  of 
two  hours  each,  interspersed  with  short  rests.  The  carbon  dioxid 
])roduction  reached  its  maximum  during  the  work  periods.  During 
one  2-hour  work  period  8,551  liters  of  air  j^assed  out  of  the  aj^paratus, 
carrying  with  it  313.6  grams  of  carbon  dioxid,  or  36.6  milligrams  per 
liter.  This  is  practically  3  per  cent  by  weight  of  carbon  dioxid,  and 
re|>resents  183  volumes  per  1  (),()()().  In  other  words, -the  amount  of 
carbon  dioxid  in  the  air  of  the  chamber  was  sixty-one  times  as  great 
as  exists  in  outside  air.  From  8  a.  m.  to  6.30  p.  ni.  the  subject  lived 
in  an  atmosjihere  but  little  ])urer  than  this.  The  experiments  con- 
tinued from  five  to  nine  consecutive  days. 

During  the  evening  hours  the  large  accumulation  of  carbon  dioxid 
ill  the  residual  air  of  the  chamber  is  gradually  swept  out  by  the  venti- 
lating air  current,  and  the  usual  minimum  amount  is  present  in  the 
early  morning  hours.  Tabulated  results  show  the  immediate  fall  in 
carbon  dioxid  j)rodiiction  accompanying  a  cessation  of  muscular 
exercise,  and  in  fact  the  amount  of  carbon  dioxid  eliminated  during  the 
last  six  hours  of  the  night  is  almost  identically  the  same,  whether 
the  night  be  ])receded  by  a  day  of  rest  or  a  day  of  hard  muscular 
work.  Experiments  in  whicli  muscidar  work  is  performed  difl'er, 
therefore,  from  those  of  rest,  so  far  as  concerns  composition  of  the 
alniosphere  insitle  the  chamber,  during  the  day  and  early  evening 
hours,  or  about  eighteen  hours  out  of  the  twenty-four.  It  is  during 
such  ex])eriiiieiits  that  we  should  expect  to  find  any  abnormalities  of 
the  atmosphere  affecting  the  comfort  and  health  of  the  subject,  if  at 
all.  As  a  matter  of  fact,  every  individual  who  has  spent  a  full  day  in 
the  calorimeter  has  not  only  said  that  his  comfort  was  unaffected  but 
expressed  a  willingness  to  repeat  the  experiment.  All,  whether  sub- 
jects of  rest  or  work  experiments,  are  well,  and,  so  far  as  we  can  tell, 
in  no  way  disj)osed  to  disease. 

On  opening  the  window  of  the  chamber  after  an  experiment  the  air 
inside  invariably  smells  "close"  to  an  outsider,  yet  it  is  unnoticed  by 
the  subject  himself.  On  several  occasions  a  blood  count  was  made 
before  and  after  the  experiment  to  determine  if  an  anemic  tendency 
was  developed,  ljut  in  all  cases  the  results  were  negative.  Physically 
and  mentall}'  the  subjects  are  apparently  ent  irely  uninfluenced  by  the 
long  sojourn  in  the  vitiated  atmosphere. 
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Moisture  Content  of  the  Air  Current. 

As  the  carbon  dioxid  content  of  normal  air  is  nearlj^  constant,  it  was 
thought  possible  to  regulate  the  one  variable  constituent  of  the  air — 
i.  e.,  water  vapor — and  thus  have  air  of  constant  composition  enter  the 
chamber.  If  the  amount  of  moisture  in  the  air  could  be  either  entirely 
eliminated  or  maintained  at  a  fixed  point,  analyses  of  the  incoming  air 
would  be  unnecessary.  To  this  end  all  the  air  entering  the  chamber 
was  passed  through  pipes  immersed  in  cold  brine  to  freeze  out  the 
moisture.  The  brine  was  kept  at  low  temperature  by  means  of  an 
ammonia  refrigerating  machine.  With  this  apparatus  the  moisture 
content  of  the  air  entering  the  chamber  was  kept  at  about  1  milligram 
per  liter. 

To  aid  in  the  determination  of  the  total  amount  of  water  vapor 
leaving  the  chamber,  the  outgoing  air  was  similarly  conducted  through 
cans  immersed  in  the  cold  brine.  The  larger  proportion  of  the  water 
leaving  the  chamber  was  deposited  in  these  cans. 

The  moisture  content  of  the  air  in  the  respiration  chamber  is  depend- 
ent upon  the  dryness  of  the  air  entering  the  chamber,  the  quantity  of 
water  vapor  given  ofi"  from  the  lungs  and  skin  of  the  subject,  and  the 
temperature  of  the  heat-absorbing  device.  As  expressed  above,  the 
air  entered  the  chamber  very  dry.  The  quantity  of  moisture  given 
off  by  the  subject  is  determined  in  large  measure  by  the  degree  of 
muscular  activity ;  hence  it  would  be  largest  in  the  work  experiments. 
But  the  temperature  of  the  heat-absorbing  device  in  a  work  experi- 
ment is  frequently  below  the  dew-point  of  the  air  in  the  chamber, 
wherefore  water  is  condensed  on  the  absorber,  thus  tending  to  reduce 
the  moisture  content  of  the  air.  During  the  work  experiment  there 
may  be  a  liter  or  more  of  water  thus  condensed  each  day.  The  ap- 
proximate humidity  of  the  air  in  the  chamber,  as  indicated  by  a  wet 
and  dry  bulb  hj^grometer,  was  about  75  per  cent  durmg  the  work 
periods,  which  was  somewhat  above  normal;  but  during  the  periods  in 
which  the  subject  was  quieter,  more  especially  at  night,  it  was  much 
lower.  The  average  temperature  of  the  air  inside  the  chamber  was 
practically  constant  at  20°  C. 

Concomitant  Impurities. 

If  any  of  the  so-called  concomitant  impurities  were  present  in  the 
air  of  the  chamber,  we  might  have  expected  to  find  them  in  con- 
siderable proportions  in  the  water  condensed  on  the  surface  of  the 
absorber  inside  the  chamber  or  in  the  pipes  and  cans  through  which 
the  outgoing  air  was  passed ;  for  though  much  of  the  material  might 
pass  through  the  freezing  cans  uncondensed,  it  seemed  highlj"  prob- 
able that  a  large  portion  of  it  would  be  retained  therein  with  the  con- 
densed and  frozen  water  vapor.  If  there  were  anytliing  of  the  kind 
present  this  solution  should  have  afforded  an  excellent  medium  for 


studying  its  toxicity.  A  large  number  of  experiments  were  made  in 
which  quantities  of  the  hquid  condensed  on  the  heat-absorbing  sys- 
tem inside  the  chamber,  and  also  of  the  liquid  condensed  in  the  cans 
outside,  were  injected  subcutaneously  into  white  rats,  l)ut  in  all  cases 
the  results  were  negative.  The  water,  especially  that  condensed  on 
the  surface  of  the  absorbers  inside  the  chamber,  was  frequently  dusty, 
liut  after  filtration  no  toxicity  could  be  detected.  This  observation 
is  in  accord  with  the  experience  of  Billings,  Mitchell,  and  Bergey. " 

Experiments  with  the  New  Form  of  Apparatus. 

The  new  form  of  respiration  apparatus,  with  which  the  experiments 
described  in  detail  in  the  present  bulletin  were  made,  was  so  con- 
structed as  to  eliminate  the  need  for  the  analysis  of  outside  air,  and 
the  freezing  system  was  discarded.  With  this  apparatus  the  air 
entering  the  respiration  chamber  is  absolutely  dry  and  free  from 
carbon  dioxid,  and  contains  varying  percentages  of  oxygen  and 
niirogen.  The  carbon  dioxid  and  water  vapor  imparted  to  the  air 
in  the  chamber  by  the  subject  are  entirely  removed  from  the  air  as  it 
is  drawn  from  the  chamber,  and  oxygen  to  replace  that  used  by  the 
subject  is  supplied  to  the  air  as  it  is  returned  to  the  chamber.  The 
composition  of  the  air  in  circulation  is  ascertained  by  analysis  at  cer- 
tain intervals,  and  with  the  data  obtained  it  is  possible  to  compute 
the  amount  and  proportion  of  oxygen  in  the  air.  The  data  regarding 
the  quantities  of  oxygen,  carbon  dioxid,  and  water  vapor  in  the  air 
of  the  chamber  at  different  periods  of  the  experiments  reported  in  the 
present  bulletin  are  summarized  in  the  table  l)elow: 

Table  104. —  Ventilation  comlitions  in  clmmher  at  end  of  pn  iod,  mclabolism  experiments, 

Nos.  56-58  and  60-67. 


Ex- 
peri- 
iiifiiit 
No. 

Date. 

Period. 

Volume 

Oxygen. 

Carbon  dioxid. 

Water  vapor. 

ol  respi- 
ration 
chamber. 

Liters. 

Per 
cent. 

Liter.*. 

Parts 

per 
10,000. 

Grams. 

Relative 
humid- 
ity. 

l(K):i. 

Liters. 

Per  cent. 

56 

1  p.  m... 

4. 624. 00 

882.19 

19.1 

72.  48 

157 

67.95 

81.0 

7  p.m... 

4, 6.37.  39 

897. 66 

19.4 

.59.  71 

129 

68.82 

,S2.0 

1  a.  m. . . 

4, 640. 97 

944.  69 

20.  4 

24.  63 

53 

64.  04 

76.3 

7  a.  m. . . 

4, 664.  63 

967. 44 

20.7 

20.  64 

44 

63. 14 

75.  3 

Apr.  28-29  

10  a.  m. . 

4, 642. 09 

867. 83 

18.7 

86.  08 

185 

60.  02 

78.7 

1  p.  m... 

4.  654. 28 

868.  70 

18.7 

76.  90 

165 

69.  96 

83.4 

4  p.  m... 

4, 624.  63 

836.  01 

18. 1 

86.  92 

188 

68.  22 

81.3 

7  p.  m... 

4, 640.  14 

887.94 

19.1 

46.  35 

100. 

64.  97 

77.5 

10  p.m.. 

4, 642.  63 

900.  32 

19.4 

27.07 

58 

66.  47 

79.3 

1  a.  m. . . 

4, 6.33.  93 

891.78 

19.2 

21.31 

46 

68.60 

81.8 

4  a.  m.. . 

4, 625.  37 

904.  87 

19.6 

17.11 

37 

68.71 

81.9 

7  a.  m. . . 

4, 627.  88 

936. 17 

20.2 

19.  42 

42 

63.  70 

75. 9 

Apr.  29-.'«)  

10  a.  m. . 

4, 625.  28 

862.  28 

18.6 

80.  55 

174 

05.  21 

77.8 

1  p.  m... 

4,  611.  25 

874.  62 

19.0 

43.  40 

94 

66.30 

79.0 

4  p.  m... 

4, 598.  66 

810.  61 

17.6 

87.07 

189 

67.  43 

80.  4 

7»p.  m... 

4, 600.  42 

83.5.  47 

18.2 

53.  83 

117 

66.  77 

79.0 

10  p.m.. 

4, 613.  98 

872.  72 

18.9 

28.  63 

62 

62.62 

74.7 

1  a.m... 

4, 598.  60 

851.41 

18.5 

22.89 

50 

69.  79 

83.  2 

4  a.  m. . . 

4, 599. 54 

854.  54 

18.6 

20.  31 

44 

67.  11 

80.0 

7  a.  m.. . 

4, 609. 15 

871.  62 

18.9 

18.  07 

39 

60.  37 

72.0 

.\verago  for  days 

4, 628.  38 

887.95 

19.2 

45.45 

98 

66.26 

79.0 

<t  Loc.  cit. 
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Table  104. —  Ventilation  conditions  in  chamber  at  end  of  period,  vietaholism  ex-peiiments 
Nos.  56-58  and  60-67— Continued. 


Ex- 
peri- 
ment 
No. 


Date. 


"Vnl  nTTiP 

V  UXUXXLC 

Oxygen. 

Carbon  dioxid. 

Water  vapor. 

Period. 

rELtion 

o\\  Q  TD  T^O  T" 

Per 
cent. 

V  t 

iteiative 

1.^1  ters. 

T  •  + 

per 
10  000 

Lrram.s 

bumid- 

ILJ  . 

Liters. 

Per  cent. 

10  a.  m. . 

4, 623. 88 

956. 54 

20. 1 

72.  40 

157 

61.  42 

73.  2 

1  p.  m... 

4, 617. 64 

938. 19 

20.  3 

'  69. 14 

150 

65. 06 

77.  6 

4  p.  m... 
7  p.  m.. . 

4, 604.  34 

901. 94 

19. 6 

80.  88 

176 

66.  82 

79.  7 

4, 617.  80 

925. 37 

20. 0 

58. 27 

126 

66.  99 

79. 9 

10  p.  m.. 

4, 620.  47 

944.  73 

20.  5 

38.  57 

83 

65.  12 

77.  6 

1  a.m... 

4,  626. 11 

936.  29 

20. 2 

44. 08 

95 

69.  75 

83. 2 

4  a.  m. . . 

4.  636.  04 

948.  48 

20.  5 

28.  72 

62 

64.  32 

76.  7 

7  a.m... 

4, 646.  44 

990. 95 

21.  3 

25. 93 

56 

61.  27 

73.0 

10  a.  m. . 

4, 628.  84 

899. 75 

19.  4 

86. 77 

187 

68.  06 

81. 1 

1  p.  m. . . 

4, 624. 48 

917.  88 

19.  9 

47.  24 

102 

68.  84 

82. 1 

4  p.  m.. . 

4, 629. 68 

886.  64 

19.  2 

76.  54 

165 

65.  70 

78.  3 

7  p.  m. . . 

4,631.  IG 

891.  48 

19.  3 

54.  50 

118 

68.  64 

81.  8 

10  p.  m.. 

4, 630.  46 

921. 74 

19.9 

25.  34 

55 

60.  53 

72.2 

1  a.m.-. 

4,641.98 

928. 95 

20.0 

19.  34 

42 

65.05 

77.6 

4a.m... 

4, 645.  47 

889.66 

19.2 

12.  21 

26 

58.93 

70.3 

7a.m... 

4, 643. 11 

923. 22 

19.9 

14.  33 

31 

58.  .3.3 

69.6 

10  a. ni 

4, 637.  94 

820. 92 

17. 7 

96. 29 

208 

64.  74 

77. 2 

1  p.  m  

4,  645.  25 

810.  42 

17.  4 

85. 23 

184 

66.  37 

79. 1 

4  p.  m. . . 
7  p.  m. . . 

4,  647.  20 

779. 65 

16. 8 

107. 15 

231 

69.  57 

82. 9 

4,  652.  32 

863.  68 

18.  6 

31. 91 

69 

63.  96 

76.  3 

10  p.  m.. 

4,  656.  64 

868.  71 

18.  7 

31.  25 

67 

60.  56 

72. 2 

1  a.  m. . . 

4, 644. 19 

864.  26 

18.  6 

17. 08 

37 

62.  68 

74.  7 

4  a.  m. . . 

4, 650.  68 

870. 03 

18.  7 

18.  52 

40 

.59. 09 

70. 5 

7a.m... 

4, 650. 23 

878.  26 

18. 9 

14. 66 

.32 

57.  52 

68. 6 

4,  635.  51 

898. 24 

19.  4 

48. 18 

104 

64. 14 

76. 5 

1  p.  m. . . 

4, 646.  65 

&54. 92 

18.4 

50. 12 

108 

51.  66 

61.6 

7  p.m... 

4,  644.  34 

845. 98 

18.2 

57.  41 

124 

49.  50 

59.0 

1  a.  m. . . 

4, 648. 09 

849. 12 

18.3 

58. 16 

125 

48.24 

.57.5 

7  a.  m. . . 

4,  649. 17 

853.  41 

18.4 

49. 91 

107 

50. 15 

59.8 

1  p.  m.  - . 

4,  649.  91 

865. 23 

18.6 

43.  28 

93 

43. 78 

52.2 

7  p.  m. . . 

4, 632.  55 

874.  64 

18.9 

16.  82 

30 

41.  40 

49.4 

1  a.  m. . . 

4,  624.  58 

846.  24 

18.3 

37.20 

80 

39.  76 

47.4 

7  a.  m. . . 

4,  629.  41 

876. 07 

18. 9 

13.  42 

29 

36. 07 

43. 0 

1  p.  m. . . 

4,  6.38.  52 

853.  59 

18.  4 

45.  85 

99 

34. 01 

40.  6 

7  p.  m... 

4,  652. 16 

881. 20 

18.9 

24.  33 

52 

36.  63 

43.  7 

1  a.  m. . . 

4, 650.  65 

850.  74 

18.3 

51.97 

112 

35. 52 

42.3 

7  a.  m.. . 

4, 643.  69 

859. 56 

18.5 

33.  33 

72 

35. 38 

42.2 

4, 642.  48 

859.  23 

18.5 

40. 15 

86 

41.84 

49.9 

11  p.  m. . 

4, 623. 05 

962. 12 

20.8 

2. 99 

6 

33.  61 

40. 1 

1  a.m... 

4, 819.  31 

962.  47 

20.  8 

1. 16 

3 

30.  82 

36. 7 

4  a.  m. . . 

4, 631. 09 

976.  46 

21. 1 

.  82 

2 

27.  96 

33.  3 

7  a.  m . . . 

4, 645.  60 

992. 78 

21.  4 

.95 

2 

25.  73 

30.7 

4, 629. 76 

973.  46 

21.0 

1.48 

3 

29. 53 

35.2 

10  a.  m. . 

4, 664. 00 

991. 54 

21.  3 

4. 12 

9 

31. 84 

38. 0 

1  p.  m. 

4,  668.  74 

997. 77 

21.  4 

3. 76 

8 

29. 19 

34.  8 

4  p.  m. . . 
7  p.  m . . . 

4,  680.  99 

1,006.99 

21. 5 

4. 25 

9 

30. 13 

.35.  9 

4, 697.  47 

1,019.  43 

21.7 

8. 06 

17 

28.88 

34.  4 

10  p.  m.. 

4,711.  23 

1,030.  05 

21.9 

6.  34 

13 

29. 74 

,35.  5 

1  a.  m. 

4,  732.  01 

1,056.73 

22.  3 

5. 83 

12 

24.  29 

29. 0 

4  a.m... 

4,731.  33 

1, 058. 65 

22.  4 

3.  74 

8 

22.  68 

27. 0 

7  a.  m. . . 

4.  729.  85 

1, 056. 10 

22.3 

4.90 

10 

21.  48 

25.  6 

10  a.  m. . 

4, 738. 83 

984.  38 

20.8 

55. 92 

118 

45.  72 

54. 5 

1  p.  m... 

4, 721. 66 

926.  81 

19.  0 

91.  58 

194 

48.  83 

58.  2 

4  p..m. . . 

4, 713. 94 

903!  37 

19!  2 

103!  71 

220 

51.43 

61.3 

7  p.  m... 

4.712. 66 

901.  27 

19.1 

100.  89 

214 

52.  70 

62.8 

10  p.m.. 

4,710.  27 

886. 40 

18.8 

112.95 

240 

51.90 

62.0 

1  a.  m. . . 

4,701.  02 

881.74 

18.8 

106. 89 

227 

51.78 

61.7 

4  a.  m. . . 

4. 684. 59 

865.88 

18.5 

103. 68 

221 

53. 14 

63.  4 

7  a.  m. . . 

4, 676.  64 

845. 10 

18.1 

112.88 

240 

55.69 

66.4 

10  a.  m.. 

4, 681.  46 

892. 13 

19.1 

75.73 

162 

47.  72 

56.9 

1  p.  m  . . 

4,  669.  35 

932.  79 

20.0 

22.48 

48 

43.47 

51.8 

4  p.  m.. . 
7  p.  m... 

4,  664.  72 

905.  50 

19.  4 

40.  54 

87 

46.36 

55.3 

4, 658.  92 

919. 83 

19.7 

19.93 

43 

44.22 

52.7 

10  p.  m.. 

4, 657. 22 

891.  93 

19.2 

42.  81 

92 

45.37 

54.1 

1903. 


May  7-8. 


May  8-9. 


May  9-10. 


Average  lor  3  days. 


58 


Nov.  10-11 . 


Nov  11-12. 


Nov.  12-13. 


Average  lor  3  days. 
1904. 

.Tan.  26-27  (preliminary 
to  experiment  No.  60) . 


Average  of  prelimi- 
nary periods  


60 


Jan.  27-28. 


Jan.  28-29. 


Jan.  29-30. 
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Table  104. —  Ventilation  conditions  in  chamber  at  end  of  period,  metabolism  experiments 
Nos.  56-58  ami  60-67— Continued. 


Ex- 
peri- 
ment 

No. 


60 


Date. 


1904. 

,7  an.  29-30  


.Average  for  .3  days. 
Jan.  30-31  , 


Average  for  1  day. 
Apr.  16-17  


Apr.  17-18. 


Apr.  18-19. 


Average  for  3  days. 
Apr.  19-20  


Apr.  20-21. 


Apr.  21-22. 


Average  for  3  day.s. 


Volume 

Oxygen. 

Carbon  dioxid. 

Water  vapor.  ■ 

Period. 

of  respi- 
ration 
chamber. 

Per 
cent. 

Parts 

Relative 

i^iiers. 

1  e  s. 

per 
10  000 

urams. 

humid- 
ify' 

Liters. 

Per  cent. 

1  a.  m. . . 

4,  (i.50.  34 

916.  75 

19.7 

12.  51 

27 

42.26 

50.  4 

4  a. in. . . 

4,  (i.".r. 

924  42 

19.9 

12.  40 

27 

38.  65 

46. 1 

7  a.  III. . . 

4,  HIL'.  1.") 

930. 29 

20.0 

12.  66 

27 

37.  48 

44  7 

4, 690.  62 

946.  94 

20.2 

44  53 

95 

40.63 

48.4 

10  a.m.. 

4.  (1(17.  21 

835.  31 

17.9 

80. 13 

172 

61.  49 

7.3.  3 

1  p.  ni.. . 

4.  6110.  09 

840.  35 

18.  0 

59.  81 

128 

61.  52 

73.  3 

4  p.  111.. . 

4,(i(i.S.  5(1 

851.  23 

18.2 

52.  99 

113 

61.  96 

73.  9 

7  p.  m.. . 

4,  6(12.  41 

874  98 

18.8 

26.  06 

56 

56.  64 

67.  5 

10  p.  m. . 

4,  664.  90 

886.  95 

19.0 

19.  5() 

42 

51.  98 

02.  0 

1  a.  m. . . 

4,  663.  40 

883.  57 

19.  0 

16.  37 

35 

54  53 

65.  0 

4  a.  m.. . 

4, 665.  50 

889.  54 

19.  1 

16.  40 

35 

49.  68 

59.  2 

7  a.  m. . . 

4, 665.  46 

891.  29 

19.  1 

15.02 

32 

47.97 

57.2 

4,  664  69 

869. 15 

18.  6 

3.5.  79 

77 

55.  72 

66.  4 

10  a.  m. . 

4. 597.  02 

769.  73 

16.  7 

79.  45 

173 

65.  76 

78.  4 

1  p.  m.. . 

4,  616.94 

821.  97 

17.  8 

48.  69 

105 

55.  53 

66.  2 

4  p.  m.. . 

4.  629.  13 

801.  19 

17.  3 

6.5.  79 

142 

60.  63 

72.  3 

7  p.  m.. . 

4,645.  71 

8.35.  93 

18.0 

40.  75 

88 

57.  85 

69.  0 

10  p.  in. . 

4,  662.  55 

868. 13 

18.  6 

24  80 

53 

.52.  25 

62.  3 

1  a.  in. . . 

4,  668.  93 

859.  56 

18.  4 

18.  30 

39 

65.  25 

77.  S 

4  a.  in. . . 

4, 675.  63 

874  34 

18.  7 

15.80 

34 

•  55.  89 

66.  6 

7  a.  in... 

4, 681.  21 

876.  75 

18.  7 

14  58 

31 

55.  .59 

66.  3 

10  a.  m. . 

4,  (377.  40 

785.  48 

16.  8 

78.  76 

168 

67.  99 

81. 1 

1  p.  m.. . 

4, 676.  49 

813.  42 

17.  4 

47.  67 

102 

63.  05 

75.  2 

4  p.  in.. . 

4,  666.  84 

775.  65 

16.  6 

67.  75 

145 

62.  78 

74  9 

7  p.  m.. . 

4,  667.  00 

794  25 

17.  0 

43.  31 

93 

60.  35 

72.  0 

10  p.  m. . 

4,  672.  23 

814  38 

17.4 

26.60 

57 

56.  98 

07.9 

1  a.  m. . . 

4,  666.  67 

806.  98 

17.  3 

18. 11 

39 

61.  31 

73.  1 

4  a.  m. . . 

4,  659.  78 

806.  46 

17.3 

16. 15 

35 

54  03 

64  4 

7  a.  m. . . 

4, 658.  81 

805.  10 

17.  3 

16.  22 

35 

50.  73 

•  60.  5 

10  a.  m. . 

4,  653.  86 

745. 10 

16.  0 

80.  83 

174 

(i7  03 

79.  9 

1  p. in.. . 

4,  645.  38 

755.  46 

16.  3 

58. 16 

125 

63.  44 

7,5.  6 

4  p. in.. . 

4,  631.  87 

751.  01 

16.  2 

76.  98 

166 

64  77 

77.2 

7  p.  m. . . 

4,625.97 

709.  94 

16.  6 

47.  19 

102 

62.  14 

74  1 

10  p.  m. . 

4,  (i22.  77 

782.  14 

16.  9 

33.  11 

72 

57.  23 

68.2 

1  a.  m. . . 

4,  626.  00 

793.  01 

17.  1 

20.  18 

44 

57.  74 

68.  8 

4  a.  m. . . 

4,  615.  51 

777.  36 

16.  8 

20.  75 

45 

58.74 

70.0 

7  a.  m. . . 

4,  613.  92 

776.  52 

16.  8 

17.  58 

38 

57.  29 

68.  3 

4,  648.  23 

802.  49 

17.  3 

40.  73 

88 

59.  76 

71.2 

10  a.  m. . 

4, 008.  75 

718.  03 

15.  6 

82.  35 

179 

70.  91 

84  5 

1  p.  m.. . 

4,  613.  98 

754  86 

16.  4 

48.  26 

105 

65.  88 

78.  5 

4  p.  m.. . 
7  p.  m.. . 

4,  601.  92 

723. 12 

15.  7 

65.  21 

142 

63.  23 

75.  4 

4,  617.  32 

766. 12 

16.  6 

.33.  70 

73 

60.  38 

72.0 

10  p.  m. . 

4,  620.  84 

778.  35 

16.  8 

23.  60 

51 

58.  16 

69.  3 

1  a.  m... 

4, 614  37 

771.  98 

16.  7 

17.  76 

39 

60.  12 

71.  7 

4  a.  m. . . 

4, 609.  82 

767.  49 

16.  6 

16.  .30 

35 

58.  69 

70.  0 

7  a.  m. . . 

4. 601.  70 

754  62 

16.  4 

15.  36 

33 

61.  00 

72.  7 

10  a  m.. 

4, 595.  92 

702.  81 

15.  3 

75.  39 

164 

71.  63 

85.  4 

1  p.  m.. . 

4, 598.  33 

732.  64 

1.5.  9 

48.  44 

105 

63.  10 

75.  3 

4  p.  m.. . 

4, 600. 18 

758.  95 

16.  5 

59.  21 

129 

63.  24 

75.  4 

7  p.  m.. . 

4, 602.  05 

777.  28 

16.  9 

36.  22 

79 

62.  14 

74  1 

10  p.  m. . 

4, 614  87 

851.  78 

18.5 

22.  88 

50 

57.  57 

68.6 

1  a.  m. . . 

4, 626.  53 

856.  90 

18.  5 

19.  30 

42 

61.  36 

73.  2 

4  a.  m.. . 

4, 636.  84 

874  77 

18.9 

13.  79 

30 

5.5.  51 

66.2 

7a.m.., 

4  643.  39 

865.  If) 

18.  6 

16.  77 

00 

62.  65 

74.  7 

10  a.  m. . 

i,  658!  35 

855.  85 

18.4 

69.  65 

150 

70. 14 

83.6 

1  p. in. . . 

4, 662.  88 

881.  71 

18.  9 

44  39 

95 

65.  42 

78.0 

4  p.  m.. . 

4, 662.  59 

905.07 

19.  4 

61.  59 

132 

65.  68 

78.3 

7  p. in.. . 

4, 675.  77 

940.  42 

20.  1 

3,5.  35 

76 

61.29 

73.1 

10  p.  m. . 

4, 689.  73 

1,012.  66 

21.  6 

23.06 

49 

56.80 

67.7 

1  a.  in. . . 

4, 703. 11 

1,019.  65 

21.  7 

18.32 

39 

61.  23 

73.0 

4  a.  m... 

4, 704  50 

1,021.  37 

21.  7 

19.  41 

41 

55.77 

66.5 

7  a.  m. .. 

4, 713.  87 

1,033. 12 

21.9 

15.76 

33 

52.  44 

62.5 

4, 636.  57 

838.  53 

l&l 

36.75 

79 

61.85 

7a  7 
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Table  104. —  Ventilation  conditions  in  chamber  at  end  of  period,  metabolism  experiments 
Nos.  56-58  and  60-67— Continued. 


Ex- 
peri- 
ment 
No. 

Date. 

Period. 

Volume 
of  respi- 
ration 
chamber. 

Oxygen. 

Carbon  dioxid. 

Water  vapor. 

Liters. 

Per 
cent. 

Liters. 

Parts 

per 
10,000. 

Grams. 

Relative 
humid- 
ity. 

64 
65 
66 
67 

1904. 

Apr.  22-23  

Average  for  1  day 
Apr.  23-24  

Average  for  1  day 
Apr.  24-25  

Average  for  1  day 
Apr.  25-26  

Apr.  26-27  

Average  for  2  days 

Average  of  all  ex- 
periments  

10  a.  m.. 
1  p.  m.. . 
4  p.  m.. . 
7  p.  m... 
10  p.  m. . 
1  a.  m. . . 
4  a.  m. . . 
7  a.  m. . . 

10  a.  m . . 
1  p.  m.. . 
4  p.  m... 
7  p.  m.. . 
10  p.  m- . 
1  a.  m. . . 
4  a.  m. 
7  a.  m. . . 

10  a.  m . . 
1  p.  m.. . 
4  p.  m. . . 
7  p.  m.. . 
10  p.m.. 
1  a.  m. . . 
4  a.m... 
7  a.  m. .. 

10  a.  m. . 
1  p.  m.. . 
4p. m.. . 
7  p.  m.. . 
10  p.  m. . 
1  a.  m. .. 
4  a.  m. . . 
7  a.  m. . . 
10  a.  m. . 
1  p.  m.. . 
4  p.  m.. . 
7  p.  m.. . 
10  p.  m. . 

1  a.  m  

4  a.  m. . . 
7  a.  m. . . 

Liters. 
4, 718. 11 
4,715.  41 
4. 703.  77 
4,714.29 
4, 71.5.  68 
4,  719.  06 
4,721.  77 
4, 724.  86 

990.  47 
1,017. 10 

976. 15 
1,007.  64 

970.  01 
1,007. 14 
1,012.  89 
1,028.45 

21.0 
21.  6 
20.8 
21.4 
20.6 
21.  3 
21.  5 
21.8 

80.14 
46.  81 

66.75 
45.88 
70. 18 
33.  92 
31.  40 
17.13 

170 

99 
142 
97 
149 
72 
67 
36 

70.03 
66.77 
69.  55 
63.  77 
7L49 
65.  53 
61.  40 
60.  39 

til  tyC/tt. 

83.5 
79.  6 
82.9 
76.0 
85.2 
78.1 
73.2 
72.0 

4.  716  62 

1,001.  23 

21.  3 

49.03 

104 

66.12 

78.8 

4, 723.  24 
4,  715.  42 
4, 713.  06 
4. 709.  50 
4, 705.  64 
4, 702.  71 
4, 694.  91 
4, 694.  36 

1,015.95 
1,015.76 
1,001.  78 
1, 003.  80 
991.  71 
979.  64 
975.  50 
979.  78 

21.  5 

21.5 

21.  3 

21.3 

21.1 

20.8 

20.8- 

20.9 

19. 14 
16.  34 
19.  59 
16.99 
21.21 
21.  64 
16.89 
15.01 

41 

35 
42 
36 
45 
46 
36 
32 

63.  03 
55.92 
60.  23 
54.  74 
55.10 
58.82 
56.  55 
51.  66 

75. 1 

66.  7 
71.8 
65.3 
65.7 
70. 1 

67.  4 
61.  6 

4, 707.  36 

995.  49 

21.2 

18.35 

39 

57.  01 

68.0 

4, 688.  89 
4, 674. 84 
4, 665.  72 
4, 658.  38 
4, 648.  68 
4, 646.  39 
4, 622.  64 
4, 615.  62, 

961.  85 
946.  90 
939.  72 
928.  05 
918.  76 
915.  77 
891.  86 
882.50 

20.5 
20.3 
20. 1 
19.9 
19.  8 
19.7 
19.3 
19. 1 

22.  83 

22.  07 
21.  64 

23.  89 
20.86 
18.85 
15.  42 
18.80 

49 
47 
46 
51 
45 
41 
33 
41 

52.  46 
50.71 
47.  48 

46.  99 

47.  46 

47.  52 

48.  44 
46.  14 

62.  5 
60.5 

56.  6 
56.0 
56.6 
56.7 

57.  8 
55.0 

4, 652.  65 

923. 18 

19.8 

20.  55 

44 

48.40 

57.7 

4, 607. 19 
4, 592.  98 
4, 590.  22 
4, 59.5.  69 

4. 605.  53 

4. 606.  99 
4, 610.  33 
4, 622.  71 
4, 625.  37 
4, 627.  24 
4, 621.  33 
4, 642.  03 
4, 650.  38 
4, 652.  52 
i.  651.  97 
4, 659.  26 

852.  73 
840.36 
832.  38 
839. 10 
854. 18 
846.  51 
854!  05 

ODO.  OZ 

887. 19 
887. 10 
868. 18 
895.  74 

904.  51 
902.  78 

905.  94 
913.  56 

18.5 
18.3 
18.1 
18.3 
18.5 
18.  4 
1&5 

18.  7 
19.2 
19.2 
18.8 

19.  3 
19.5 
19.  4 
19.  5 
19.  6 

32.62 
26.  34 
28.95 

26.  56 
22.  79 
22.  98 
11.  60 

1  C  79 

34  96 
32.  02 
36.  71 
32.  40 

27.  91 
27.  24 

21.  84 

22.  26 

71 

57 
63 
58 
50 
50 
38 
41 
76 
69 
79 
70 
60 
59 
47 
48 

49.59 
50.  39 
50.40 
48.  31 
44.70 

48.  25 

45.  48 
47.  56 
47.  73 
5L  22 
46.20 

46.  87 
47.95 

47.  21 
44.  64 

59.1 
60.1 
60. 1 
57.6 
53.3 
59.  0 
57!  5 

.56.  7 
.56.  9 
61.  1 
55.  1 
55.9 
57.2 
.56.3 
53.2 

4, 622.  61 

871.88 

18.8 

26. 99 

58      47. 88 

57.1 

4,  651.  92 

886.  41 

19.1 

39.  33  1  85 

56.16 

67.  0 

The  quant  ity  of  oxygen  in  the  system  is  expressed  both  in  liters  and  in 
the  percentage  of  the  total  volume  of  air  in  the  chamber.  The  carbon 
dioxid  is  likewise  expressed  in  liters  and  in  parts  per  ten  thousand,  as 
is  customary  in  reporting  the  analysis  of  atmospheric  air.  The  water 
vapor  is  expressed  in  grams,  and  from  this  the  percentage  of  satura- 
tion or  relative  humidity  has  been  computed.  In  calculating  the 
proportions  of  oxygen  and  carbon  dioxid  the  volume  used,  as  shown 
for  the  different  periods  in  the  fu-st  column  of  figures,  is  that  for  the 
chamber  under  the  usual  conditions  of  temperature  and  pressure 
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reduced  to  correspond  with  a  temperature  of  0°  and  a  pressure  of  760 
millimeters.  In  computing  the  relative  humidity,  however,  the  factor 
used  as  a  basis  for  the  calculation  is  that  for  the  quantity  of  water 
vapor — 17.118  grams" — in  1,000  liters  of  saturated  air  at  a  tempera- 
ture of  20°.  It  was  therefore  assumed  for  convenience  in  this  com- 
putation that  the  temperature  of  the  chamber  was  uniformly  20°  and 
its  volume  4,900  liters.  According  to  the  factor  used,  the  4,900  liters 
would  contain  83.88  grams  of  water  vapor.  The  amount  actually 
found  in  the  chamber  for  the  first  period,  for  example,  was  67.9.5 
grams;  hence  the  percentage  of  saturation  was  81. 

It  would  have  been  interesting  to  have  similar  data  for  all  the  pre- 
vious experiments  reported  in  the  earlier  ])ul)lications,  and,  indeed, 
data  are  available  for  computing  the  carbon  dioxid  and  water  vapor, 
but  it  is  unnecessary  to  include  these  figures  in  this  discussion  since 
there  is  a  sufficient  number  of  experiments  conducted  under  so  many 
varied  conditions  as  to  give  the  nnnimum  and  maxinuun  atmospheric 
conditions  inside  the  respiration  chamber  under  ull  experimental 
conditions. 

PkrCENTAO  K  OP  OXYOEN  IN  THE  AlH  OF  THE  CHAMBER. 

The  percentage  of  oxygen  in  normal  air  is  20.9.''  It  sometimes 
varies  a  trifle,  but  in  general  it  is  very  constant.  In  the  previously 
mentioned  large  number  of  analyses  of  atmospheric  air  made  in 
the  vicinity  of  this  laboratory  the  variations  from  this  percentage 
are  indeed  slight.  It  is  seen,  on  examination  of  the  table,  that  the 
percentage  of  oxygen  in  the  air  in  the  respiration  chamber  varies, 
however,  relatively  speaking,  very  markedly,  the  range  in  the  experi- 
ments here  reported  being  from  22.4  in  the  period  ending  at  4  a.  m. 
January  28,  in  experiment  No.  60,  to  l.^.-S  in  the  period  ending  at  10 
a.  m.  April  20,  in  experiment  No.  63. 

In  general,  the  percentage  of  oxygen,  while  varying  with  each 
experiment,  is  considerably  lower  than  normal.  Thus  in  experiment 
No.  56  the  average  percentage  was  19.2;  in  experiment  No.  57,  19.4; 
experiment  No.  58,  18.5;  experiment  No.  60,  20.2;  experiment  No. 
61,  18.6;  experiment  No.  62,  17.3;  experiment  No.  63,  18.1;  experi- 
ment No.  64,  21.3;  experiment  No.  65,  21.2;  experiment  No.  66,  19.8; 
experiment  No.  67,  18.8.  The  cause  for  these  relatively  wide  fluc- 
tuations lies  chiefly  in  the  conditions  under  which  oxygen  is  admitted 
to  the  respiration  chamber.  At  the  beginning  of  an  experiment  the 
atmosphere  in  the  chamber  is  somewhat  charged  with  carbon  dioxid, 
but  probably  not  very  deficient  in  oxygen.   The  subsequent  admission 

»  Smithsn.  Physical  Tables,  1903,  Table  168,  p.  155. 
6  Smithsn.  Contril).  Knowl.,  10:«  (1896),  p.  14. 
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of  oxygen  is  determined  by  two  factors:  First,  the  actual  amount 
consumed  by  the  subject  inside  the  respiration  chamber,  and  second, 
the  fluctuations  in  barometric  pressure.  The  respiration  chamber 
may  be  likened  to  the  bulb  of  a  large  air  thermometer  in  which  the 
temperature  is  kept  very  constant,  but  the  fluctuations  in  barometric 
pressure  alter  very  materially  the  absolute  volume  of  air  confined  in 
the  closed  circuit.  If  the  barometer  rises,  the  air  in  the  system  will 
become  compressed,  the  rubber  diaphragms  on  top  of  the  pans  will 
sink,  and  it  will  be  necessary  to  introduce  oxygen  to  keep  the  volume 
of  air  in  the  system  nearer  that  at  normal  atmospheric  pressure.  As 
a  result  of  a  marked  or  rapid  rise  in  barometer,  very  considerable 
quantities  of  oxygen  would  be  admitted,  and  obviously  in  the  experi- 
ments where  the  percentage  of  oxygen  is  above  normal  there  must 
have  been  a  marked  rise  in  barometer  during  the  progress  of  the 
experiment.  On  the  other  hand,  if  the  barometer  falls  rapidly  the 
*  air  inside  the  closed  circuit  will  expand  and  no  oxygen  will  be  intro- 
duced, the  subject  simply  drawing  upon  the  reserve  supply  in  the 
residual  amount  present.  Under  these  conditions  the  percentage  of 
oxygen  in  the  air  in  the  chamber  may  fall  very  considerably.  The 
lowest  percentages  of  oxygen  have  been  found  in  the  fasting  experi- 
ments, the  results  of  which  are  published  elsewhere.^  The  subject 
of  that  series  remained  inside  the  respiration  chamber  for  thirteen 
days  and  fourteen  nights,  with  a  marked  alteration  in  atmospheric 
conditions,  but  without  the  slightest  apparent  discomfort  that  could 
be  in  any  wise  attributed  to  the  deficiency  of  oxygen. 

Percentage  op  Carbon  Dioxid  in  the  Air  of  the  Chamber. 

The  quantity  of  carbon  dioxid  in  the  air  of  the  chamber  is  affected 
by  the  rate  of  production  from  the  body  of  the  subject  and  the  rate  of 
ventilation.  Although  fluctuations  in  barometric  pressure  produce 
wide  variations  in  the  oxygen  content  of  the  air  in  the  chamber,  in 
determining  the  residual  amount  of  carbon  dioxid  atmospheric  pres- 
sure is  of  much  less  importance,  and  can  for  the  purposes  of  this  dis- 
cussion be  eliminated. 

The  more  rapid  the  rate  of  ventilation  the  more  rapidly  the  produced 
carbon  dioxid  is  removed  from  the  chamber  and  absorbed  in  the 
.purifiers.  In  these  experiments  the  rate  of  ventilation  was  not  far 
from  constant,  though  there  were  slight  differences,  and  the  experi- 
ments are  not  strictly  comparable  for  this  reason.  Experiments  Nos. 
62  to  67,  however,  can  be  considered  as  being  made  with  practically 
the  same  rate  of  ventilation. 

It  is  apparent,  then,  that  the  determining  factor  regarding  the  quan- 
tity of  carbon  dioxid  remaining  in  the  air  in  the  chamber  is  the  amount 
produced  by  the  subject.    Since  this  is  dhectly  proportional  to  the 
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muscular  activity,  we  should  expect  to  find  that  at  the  end  of  the 
periods  in  which  the  subject  had  been  quiet  the  quantity  of  carbon 
dioxid  would  be  small  and  at  the  end  of  periods  where  there  had  been 
excessive  muscular  activity  the  amount  of  carbon  dioxid  would  be 
large.  Attempts  were  made  to  keep  the  muscular  activity  in  differ- 
ent portions  of  this  long  series  of  experiments  uniform,  although,  as 
already  explained,  considerable  difficulty  is  found  in  securing  absolute 
uniformity  from  day  to  day  even  in  experiments  which  are  supposed 
to  l)e  duplicates.  On  the  other  hand,  the  degree  of  nuiscular  activity 
through  tlie  night  period  is,  in  general,  very  constant,  and  we  would 
expect  to  find  that  at  the  end  of  each  experimental  day — i.  e.,  7  a.  m. — 
the  amount  of  carbon  dioxid  remaining  in  the  respiration  chamber 
would  be  fairly  constant ;  and  since  the  total  apparent  volume  of  air  in 
the  chamber  is  constant,  the  quantity  of  carbon  dioxid  expressed  in 
parts  per  10,000  should  not  show  wide  variations.  .  In  experiment  No. 
56  on  the  three  mornings  the  amount  of  carbon  dioxid  was  respectively 
44,  42,  and  39  parts  per  10,000.  Wider  fluctuations  were  observed  in 
experiments  Nos.  57,  58,  and  60.  In  experiments  Nos.  62  to  67  the 
quantity  remaining  in  the  chamber  at  7  a.  m.  approximated  17  liters, 
or  about  37  parts  per  10,000,  varying  slightly  from  day  to  day. 

The  amount  at  7  a.  m.  is  in  general  the  minimum  amount  for  the 
day,  as  this  period  has  been  preceded  by  practically  a  six  or  eight 
hour  period  of  sleep.  It  is  interesting  to  note  that  during  the  greater 
number  of  days  of  these  experiments  the  minimum  amount  of  carbon 
dioxid  was  about  35  to  37  parts  per  10,000,  which  means  that  during 
the  experiments  here  reported  the  subjects  were  living  in  an  atmos- 
phere with  a  carbon  dioxid  content  generally  more  than  twelve  times 
normal.  At  the  end  of  work  periods  the  amount  remaining  in  the 
chamber  is  very  much  larger  than  at  the  end  of  the  night  period. 
Aside  from  the  first  two  days  of  experiment  No.  60,  namely,  January 
27  2S  and  28-29,  which  were  made  for  an  especial  purpose  and  are 
discussed  in  detail  beyond,  as  high  as  107  liters  were  present  in  one 
case  at  4  p.  m.  on  May  9  in  experiment  No.  57.  This  amount  cor- 
responds to  231  parts  per  10,000,  or  nearly  eighty  times  normal. 
For  the  twelve  hours  of  each  work  day  the  subject  lived,  in  general, 
in  air  with  an  average  carbon  dioxid  content  amounting  to  consider- 
ably over  100  parts  per  10,000,  or  over  thirty-three  times  normal. 

Since  the  quantity  of  carbon  dioxid  in  the  air  in  the  respiration 
chamber  is  at  times  very  considerable,  it  is  important  to  ascertain 
the  effect  of  such  increase  on  the  excretion  of  carbon  dioxid  by  the 
subject.  There  is  much  evidence,  especially  from  the  standpoint  of 
plant  physiology,  of  the  possibility  of  a  diminution.  In  recent  years 
it  has  been  clearly  established  that  the  presence  of  larger  or  smaller 
amounts  of  carbon  dioxid  in  an  atmosphere  in  which  plants  are 
growing  affects  materially  the  respiratory  exchange  of  the  plant. 
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For  example,  the  work  of  Brown  and  Escombe'^  shows  that  while 
the  photosynthetic  power  of  the  plant  was  enlarged  by  an  increase 
in  the  percentage  of  carbon  dioxid,  the  plants  were  not  stimulated  to 
additional  growth.  In  fact  there  appeared  to  be  a  slight  diminu- 
tion in  the  quantity  of  dry  matter  and  a  less  vigorous  development 
of  leaf  area,  as  well  as  certain  morphological  differences.  Without 
exception,  all  the  plants  experimented  with  seemed  to  be  best  adapted 
to  the  atmosphere  containing  the  ordinary  proportion  of  carbon 
dioxid.  The  response  which  they  made  to  slight  increases  in  this 
amount  appeared  unfavorable  to  the  growth  and  reproduction  of 
the  plants,  and  it  is  believed  that  the  comparatively  sudden  increase 
of  the  carbon  dioxid  in  the  air  to  an  extent  of  but  two  or  three  tunes 
the  present  amount  would  result  in  the  speedy  destruction  of  all 
plant  life. 

From  considerations  such  as  these  it  is  not  difficult  to  conceive 
of  a  disturbance  of  the  respiratory  exchange  of  man  as  a  result  of 
inhaling  air  containing  increased  proportions  of  carbon  dioxid  and 
greatly  diminished  amounts  of  oxygen,  especially  since  we  are  coming 
more  and  more  to  believe  that  the  interchange  of  gases  in  the  alveoli 
is  not  so  much  an  effect  of  diffusion  as  one  which  is  due  more  or  less 
to  a  selective  absorptive  power  of  the  cells.  Indeed  Wolpert main- 
tains, as  a  result  of  experiments,  that  the  presence  of  an  increased 
proportion  of  carbon  dioxid  in  the  air  results  in  a  diminution  of  the 
carbon  dioxid  excretion  in  man. 

A  series  of  reports  by  Fliigge,  Heymann,  Paul,  and  Ercklentz,'^ 
embodying  a  large  amount  of  recent  research  in  Fliigge's  laboratory 
in  Breslau  on  the  problems  involved  in  the  question  of  ventilation, 
has  recently  appeared.  Prior  to  this  report  Formanek^  had  pre- 
sented an  extended  review  of  the  previous  work  on  the  closely  allied 
subject  of  the  poisonous  properties  of  respired  air.  In  this  report 
he  concluded  that  the  presence  of  ammonia  resulting,  not  from  any 
process  of  normal  metabolism,  but  from  decomposing  material  in  the 
mouth,  especially  when  the  teeth  are  decayed,  is  sufficient  to  account" 
for  the  poisonous  properties  which  other  investigators  have  found 
in  respired  air.  Fliigge,  in  reviewing  the  literature  of  the  subject, 
points  out  that  the  experiments  of  Brown-Sequard  have  not  been 
verified  by  later  experimenters,  that  all  the  evidence  thus  far  accu- 
mulated tends  to  show  that  there  is  no  chemical  disturbance  of 
the  respirable  properties  of  air  as  a  result  of  contamination  by  ex- 
pired air  from  human  beings,  and  that  there  is  no  gaseous  emana- 
tion resulting  from  metabolism  in  men  which  has  the  properties  of 
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poison.  Jle  furthennorc  foiicludes  that  the  disconifort  mid  disagree- 
able results  experienced  by  people  living  in  closed  rooms  are  due 
principally  to  disturbances  of  the  elimination  of  lieat  by  the  body, 
and  to  bad  odors  arising  ivom  the  body  and  clothing,  which  though 
not  dangerous  to  health,  are  impleasant,  induce  psychical  disturbances, 
and  consecjuently  should  be  eUminated  as  completely  as  possible. 

The  researches  of  lleyniann  on  the  inlluence  of  expired  air  upon 
the  elimination  of  carbon  dioxid  is  of  special  interest  in  connection 
with  the  experiments  reported  herewith.  Dissatisfied  with  the 
experimental  technique  and  methods  of  computation  employed  by 
Wolpert,  Heymann  recalculated  a  number  of  Wol])ert's  experiments, 
made  a  number  of  his  own,  and  arrived  at  the  conclusion  that  the 
air  immediately  surrounding  the  head  of  a  person  has  a  greater 
carbon  dioxid  content  than  the  room  air  as  a  whole,  and  consequently 
that  peojjle  frequently  breathe  air  containing  relatively  large  (juanti- 
ties  of  carbonic  acid.  These  results  are  accentuated  by  those  in  the 
Breslau  laboratory  by  Paul,"  who  nuxde  experiments  in  a  large  box 
in  which  the  carbon  dioxid  content  could  be  very  materially  iticreased. 
At  times  the  percentage  of  this  gas  was  many  times  that  in  an  ordi- 
nary room,  amounting  often  to  15  or  16  parts  per  1,000.  Under 
this  condition  of  excessive  carbon  dioxid  no  discomfort  was  exper- 
ienced by  the  subjects  until  the  humidity  also  mcreased.  With 
a  humidity  of  50  per  cent  no  discomfort  was  noticed  until  the  tem- 
perature had  risen  to  about  26°;  on  the  contrary,  if  the  humidity 
of  the  air  was  75  to  80  per  cent  the  discomfort  was  invariably  noticed 
at  24°  temperature.  Accurate  observations  of  the  body  temperature 
were  taken  at  the  breast  with  a  delicate  thermo  element,  and  measure- 
ments of  the  temperature  and  humidity  of  the  clothing  showed  that 
as  soon  as  the  disturbance  of  the  heat  evolution  of  the  body  began, 
there  was  a  maximum  increase  in  the  temperature  of  the  skin  and 
an  increase  in  the  humidity  on  the  covered  portions  of  the  body. 
These  objective  observations  invariably  accompanied  the  subjective 
disagreeable  sensations.  Further  ol)servations  were  made  which 
showed  that  if  the  body  was  inclosed  in  the  chamber  at  a  relatively 
high  temperature  and  with  increased  moisture,  the  disagreeable 
eflfects  persisted  even  when  the  inspired  air  was  taken  through  a  tube 
extending  outside  the  chamber.  On  the  other  hand,  if  the  body  of 
the  sul)ject  was  placed  outside  the  chamber,  and  air  which  had 
previously  been  rendered  impure  by  another  person  was  breathed 
through  a  tube  in  the  nose,  no  discomfort  was  observed. 

Finally,  recognizing  that  invalids,  especially  in  certain  classes  of 
disease,  are  in  many  cases  especially  sensitive  to  impure  air,  Erek- 
lentz  made  a  number  of  experiments  with  patients  from  the  hospital. 
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employing  the  apparatus  that  was  used  by  Paul.  In  the  majority 
of  the  experiments  the  carbon  dioxid  content  of  the  air  reached  from 
seven  to  fifteen  parts  per  thousand.  Observations  were  made  regard- 
ing the  skin  temperature  and  the  temperature  and  moisture  of  the 
clothing.  These  experiments  also  showed  clearl}^  that  the  chemical 
contamination  of  the  air  is  without  effect  on  the  discomfort  of  men. 
and  the  only  factors  influencing  discomfort  were  moisture  and  the 
temperature  of  the  surrounding  air. 

In  connection  with  this  consideration  of  reduced  or  diminished 
ventilation,  we  were  able  to  consult  with  a  number  of  manufacturers 
of  diving  apparatus  and  submarine  appliances,  and  with  the  users 
of  such  apparatus.  It  is  a  common  custom  for  divers  to  measure 
the  amount  of  air  furnished  them  by  the  pressure  of  certain  gauges 
connected  with  the  pumps.  The  release  valve  in  the  diving  helmet 
is  adjusted  by  the  diver  himself  so  as  to  allow  the  air  to  escape  as 
fast  as  desired.  The  man  at  the  surface  working  the  pump  is  supposed 
to  keep  the  pressure  constant.  While  much  of  the  information 
regarding  the  ventilation  of  diving  helmets  is  based  on  empirical 
rather  than  strict  scientific  grounds,  certain  estimations  can  be  made 
which  are  probably  apj^roximately  correct.  The  manufacturer  of 
one  diving  apparatus  stated  that  for  a  diver  working  at  50  feet  under 
water,  sufficient  air  would  be  furnished  by  a  3-cylinder,  single-action 
pump  with  cylinder  of  3.5  inches  diameter  and  a  stroke  of  6  mches 
working  at  about  twenty  strokes  per  minute.  The  volume  of  air 
thus  delivered,  assuming  the  diver  to  be  at  atmospheric  pressure,  is 
computed  to  be  57.1  liters. 

Another  manufacturer  states  that  a  single-cylinder,  double-acting 
pump  with  a  4-inch  cylinder  and  a  6-inch  stroke  will  supply  most  men 
at  50  feet  of  water.  Some  men  have  used  it  for  60  feet,  while  others 
say  it  is  not  enough  for  40  feet,  the  same  speed  being  used  in  all  cases. 
This  difference  in  the  amount  of  air  required  by  different  individuals 
is  quite  commonly  noted  by  divers.  A  fair  estimation  of  the  average 
efficiency  is  said  by  the  second  manufacturer  to  be  the  amount  of  air 
discharged  by  a  3-cylinder,  single-action  pump,  with  pistons  3.25 
inches  in  diameter  and  a  6-inch  stroke.  Tliis  pump,  when  suppl3^ing 
a  diver  at  almost  any  depth,  is  operated  at  about  thirty  turns  per 
minute,  thus  giving  73.6  liters  per  minute.  It  is  stated  that  the  Eng- 
lish divers  use  for  excessively  deep  work,  say  150  feet,  a  3-cylinder, 
single-action  pump,  each  cylinder  4  inches  inside  diameter  and  6-inch 
stroke,  Avith  about  the  same  number  of  turns  per  minute,  i.  e.,  30, 
which  would  give  a  current  of  111  liters  per  minute.  Although  there 
are  wide  variations  in  the  volume  of  air  delivered  by  these  different 
forms  of  pump,  it  is  probably  fair  to  assume  that  divers  in  general 
obtain  about  65  to  70  liters  per  minute,  or  somewhat  less  than  the 
rate  of  ventilation  in  the  respiration  calorimeter     It  is  stated  that 


255 


divers  \v()rkin<i;  in  10  or  20  feet  of  water  could  probably  work  under 
these  conditions  for  twenty-four  hours  without  coming  up,  although 
their  sojourn  is  customarily  not  longer  than  five  or  six  hours.  The 
return  to  the  surface,  however,  when  working  in  shallow  water  is 
determined  not  by  any  discomfort  due  to  poor  ventilation,  but  simply 
by  the  desire  for  food. 

Many  remarkable  statements  have  been  made  regarding  the  venti- 
lation of  the  submarine  boats,  which  have  made  such  marked  advances 
in  the  past  decade.  We  are  indebted  to  Mr.  L.  Y.  Spear,  of  Quincy, 
Mass.,  for  the  following  information  regarding  the  ventilation  of  the 
submarine  torpedo  boat  built  by  the  company  of  which  he  is  vice- 
pn^sident. 

In  one  test  one  of  the  boats  was  submerged  for  a  period  of  fifteen 
hours  with  a  crew  of  six  men.  The  free-air  capacity  in  the  interior 
at  about  atmospheric  pressure  was  approximately  2,250  cubic  feet. 
No  fresh  air  was  sujjplied  nor  was  any  foul  air  removed,  nor  any  chem- 
ical means  of  purification  used.  At  the  expiration  of  the  test  the 
interior  of  the  boat  was  somewhat  "close,"  like  a  "  stuff}""  room, 
but  there  were  absolutely  no  observable  bad  effects  upon  the  mem- 
bers of  the  crew.  The  amount  of  air  supplied  each  man  per  minute, 
according  to  computations  based  upon  these  figures,  was  about  12 
liters. 

On  another  occasion,  during  an  official  trial  at  Newport,  in  June, 
1904,  .  the  boat  was  submerged  for  over  twelve  hours  with  nine  men 
on  board.  No  change  whatever  was  made  in  the  air  until  the  expira- 
tion of  eleven  and  one-half  hours,  when  the  air  was  renewed  by  pump- 
ing out  the  foul  air  and  admitting  fresh  air  from  compressed  stores. 
This  was  done  merely  to  demonstrate  to  the  trial  board  that  the 
apparatus  on  board  for  the  purpose  was  satisfactory,  and  not  because 
there  was  any  discomfort  due  to  the  condition  of  the  air.  Neither 
of  these  tests  was  carried  to  its  ultimate  conclusion,  so  that  we  do 
not  know  at  present  just  how  long  a  crew  could  remain  without  any 
change  in  the  air  supply.  Compressed  air  at  2,500  pounds  per  square 
inch,  however,  is  required  for  other  purposes  in  the  boats,  and  a  suf- 
ficient excess  of  this  is  carried  to  change  the  air  in  the  boat  several 
t  imes. 

Obviously,  in  the  case  of  a  submarine  boat  as  well  as  with  the 
(livers,  the  question  of  temperature  of  the  water  would  not  have  to 
be  considered,  as  this  never  could  rise  to  a  point  producing  discomfort. 
Furthermore,  the  temperature  of  the  water  would  in  most  instances 
be  so  low  that  it  would  be  below  the  dew-point  of  the  air  siu-rounding 
the  body  of  the  subject,  and  consequently  there  would  be  a  condensa- 
tion of  moistm-e  on  the  walls,  thus  keeping  the  relative  moisture  in 
the  helmet  or  in  the  submarine  boat  at  a  low  point. 
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While  these  figures  are,  to  be  sure,  obtained  from  experiments  of 
only  short  duration,  at  the  same  time  they  are  distinctly  significant 
as  supporting  the  conclusion  which  has  been  drawn  from  the  results 
of  the  experiments  with  the  respiration  calorimeter  reported  here- 
with, namely,  that  the  chief  factors  producing  discomfort  in  so-called 
poorly  ventilated  rooms  are  not  the  chemical  impurities  in  the  air, 
but  the  temperature  and  moisture  conditions  which  affect  the  heat 
elimination  of  the  body.  Experiments  on  animals  made  by  Billings, 
Mitchell,  and  Bergey"^  with  artificial  atmospheres,  the  observations 
on  man  by  Speck,''  and  those  of  more  recent  date  by  Durig,'^  in 
breathing  artificial  atmosphere  containing  large  quantites  of  carbon 
dioxid,  although  experiments  of  but  short  duration,  show  conclusively 
that  no  mai"ked  disturbances  of  the  respiratory  exchange  are  noted 
until  the  percentage  of  oxygen  in  the  expired  air  falls  as  low  as  12  per 
cent.  Even  in  the  peculiar  conditions  and  long  experunents  of  the 
respiration  chamber,  the  nearest  approach  to  this  percentage  is  that 
of  the  period  ending  at  10  a.  m.  of  April  20,  experiment  No.  63,  in 
which  the  amount  of  oxygen  fell  to  15.3  per  cent. 

Special  Experiment  on  the  Effect  of  an  Increased  Amount  of  Carbon  Dioxid 
ON  the  Respiratory  Exchange  and  Heat  Production. 

Previous  investigations  upon  the  effect  of  breathing  air  "highly 
vitiated"  by  carbon  dioxid  have  been  restricted  to  observations  of 
the  respiratory  exchange  for  short  periods.  The  respiration  ^calo- 
rimeter in  its  present  form  supplements  such  determinations  by  m.eas- 
urements  of  the  water  eliminated  from  the  lungs  and  skin  and  of  the 
heat  output.  Its  use  is  also  especially  advantageous  in  that  while 
data  may  be  obtained  for  periods  as  short  as  two  hours,  the  investi- 
gations may  be  continued  several  days  if  desired.  Moreover,  while 
subjective  symptoms  were  of  great  importance  in  experiments  con- 
ducted according  to  the  earlier  method,  in  the  test  here  reported  they 
are  of  interest  only  as  subsidiary  evidence. 

Experiment  No.  60,  as  has  been  previously  stated,  was  specifically 
designed  to  study  the  effect  of  an  increased  amount  of  carbon  dioxid 
and  a  corresponding  diminution  of  oxygen  upon  the  respiratory 
exchange,  heat  output,  and  bodily  comfort.  The  experiment  was 
made  with  a  college  student,  B.  F.  D.,  who  had  been  the  subject  of 
numerous  short  calorimeter  experiments  of  a  genieral  nature,  although 
this  was  his  first  experience  in  a  long  experiment. 

For  purposes  of  comparison,  it  was  highly  desirable  that  for  at  least 
one  day  the  subject  should  breathe  air  as  nearly  normal  as  possible. 

a  Loc.  cit. 

Physiologie  des  menschlichen  Athmens.    Leipsic,  1895,  p.  128, 
cArch.  Anat.  u.  Physiol.,  Physiol.  Abt.,  Suppl.,  p,  209. 
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Plate  II. 


Device  for  the  Removal  of  the  Respiratory  Products  From  the  Respiration 
Chamber  iSide  View). 
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As  has  been  explained,  the  ordinary  rate  of  ventilation  of  the  system 
is  so  low  that  carbon  dioxid  and  water  vapor  inevitably  accumulate 
in  the  chamber.  Furthermore,  to  effect  a  complete  withdrawal  of 
these  products  by  increased  ventilation  would  necessitate  a  rate  so 
rapid  that  the  present  absorbing  system  could  not  be  used.  It  was 
consitlered  possible,  however,  to  remove  the  respiratory  products 
from  the  chamber  in  another  way,  by  means  of  a  tube  leading  from 
immediately  in  front  of  the  subject's  face  to  the  outgoing  air  pipe. 
Accordingly  a  light  tube,  reinforced  on  the  inside  \vith  a  light  spiral 
spring  and  provided  with  a  rubber  mask,  was  attached  to  the  man's 
face  in  such  a  manner  as  to  permit  of  his  inhaling  air  of  the  chamber, 
which  in  this  case  remained  pure  because  tlie  products  of  respiration 
from  both  the  nose  and  the  mouth  were  inmiediately  carried  out  of 
the  chamber  through  the  tube,  the  other  end  of  which  was  attached 
directly  to  the  outgoing  air  pipe.  The  mask  was  of  the  type  com- 
monly used  in  laboratories  to  prevent  inhalation  of  dust,  the  sponge 
used  for  this  purpose  being  removed.  The  tube  was  about  8  feet 
long  and  extremely  light.  Provision  was  made  to  render  it  of  the 
least  possible  inconvenience  to  the  subject,  by  counterpoising  it  at 
several  points  by  weights  suspended  from  the  ceiling,  and  he  found 
no  difficulty  in  keeping  it  in  place  even  during  sleep.  A  view  of  a 
subject  with  the  tube  and  mask  attached  are  shown  in  Plate  II. 

Under  ordinary  circumstances  the  samples  of  air  for  residual  analy- 
ses are  taken  from  the  outgoing  air  pipe,  inasmuch  as  we  assume 
that  the  composition  of  the  air  in  this  pipe  represents  that  of  the  air 
in  the  chamber.  While  this  assumption  may  not  be  absolutely  cor- 
rect," at  least  the  fluctuations  in  composition  of  this  air  are  pariillel 
to  the  fluctuations  in  the  au  in  the  chamber.  In  this  particular 
experiment,  however,  this  method  was  distinctly  impracticable.  The 
air  in  the  outgoing  air  cm'rent  obviously  contained  a  maximum  per- 
centage of  carbon  dioxid  and  water  vapor,  and  the  large  volume  of 
air  in  the  chamber  was  practically  uncontaminated  by  the  products 
of  respiration.  Accordingly,  a  sample  of  air  was  drawn  through  a 
small  opening  in  the  food  aperture  without  in  any  way  contaminating 
the  sample  with  the  products  of  respiration  in  tJie  outgoing  air  pipe. 

An  inspection  of  the  analyses  which  are  given  in  Table  104  (p.  246) 
shows  that  during  the  whole  day  of  January  27-28,  and  especially 
during  the  preliminary  night,  the  total  amount  of  carbon  dioxid  in 
the  chamber  was  extremely  low;  the  analyses  at  1  a.  m.,  4  a.  m.,  and 
7  a.  m.  showed  only  about  2  parts  per  10,000.  The  maximum  dur- 
ing the  day  was  at  7  p.  m.,  when  it  reached  17  parts  per  10,000. 
During  the  night  it  was  difficult  to  lower  this  amount  materially, 

"  See  discussion  of  this  point,  p.  26. 
21482— Xo.  17r>— (J7  17 
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but  none  the  less  it  decreased  to  3.74  liters  at  4  a.  m.,  correspond- 
ing to  8  parts  per  10,000,  and  rose  again  to  4.90  liters  at  7  a.  m., 
corresponding  to  10  parts  per  10,000. 

The  results  of  the  usual  calorimetric  and  chemical  observations  for 
this  experiment  are  given  in  the  appendix  tables  and  on  pages  94- 
103.  The  carbon  dioxid  and  heat  output  and  the  oxygen  intake 
are  of  especial  importance  in  discussing  the  phase  of  the  experiment 
which  bears  upon  ventilation.  On  this  day  the  subject  eliminated 
2,213  calories  of  heat  and  770.68  grams  of  carbon  dioxid  and  con- 
sumed 623.41  grams  of  oxygen. 

During  the  next  day  of  the  experiment,  January  28-29,  the  carbon 
dioxid  inside  the  chamber  was  purposeh"  allowed  to  accumulate 
rapidly,  which  was  accomplished  by  cutting  down  the  rate  of  ventila- 
tion to  a  minimum,  especially  during  the  first  part  of  the  day.  Indeed 
the  pumps  were  started  only  a  sufficient  length  of  time  to  obtain  an 
average  sample  of  the  air  inside  the  chamber  and  to  put  the  air  in  circu- 
lation. The  absolute  amount  of  carbon  dioxid  was  held  at  about  100 
liters  during  the  rest  of  the  twenty-four  hours,  reaching  a  maximum 
at  10  p.  m.  and  at  7  a.  m.,  when  there  were  113  grams  of  carbon  dioxid 
in  the  air  of  the  chamber,  which  corresponds  to  240  parts  per  10,000. 
It  is  thus  seen  that  during  this  particular  experiment  the  subject 
lived  for  practically  the  whole  twenty-four  hours  in  an  atmosphere 
which  at  10  a.  m.  was  118  parts  per  10,000,  and  during  the  rest  of  the 
twentj^-four  hours  averaged  over  220  parts  per  10,000,  or  over 
seventy  times  normal. 

On  this  day  the  subject  gave  off  2,200  calories  of  heat  and  761.43 
grams  of  carbon  dioxid,  and  consumed  627.27  grams  of  oxygen. 
That  is,  when  there  was  a  very  high  percentage  of  carbon  dioxid  and 
a  diminished  proportion  of  oxj^gen  in  the  air,  the  respirator}^  exchange 
and  the  heat  evolution  were  practically  the  same  as  on  the  preceding 
days  when  the  conditions  were  not  far  from  normal.  To  be  sure,  too 
great  stress  must  not  be  placed  on  the  close  agreement  shown  in  this 
experiment,  because  it  is  assumed  that  the  bodily  activity  of  the  sub- 
ject was  the  same  in  both  cases.  If  on  the  second  day  there  had  been 
a  greater  bodil}'  activit}'  than  on  the  first,  there  would  have  been  a 
greater  carbon  dioxid  and  heat  output,  and  vice  versa.  So  far  as  we 
were  able  to  judge,  however,  there  were  no  material  differences  in  the 
muscular  activity  on  the  two  days,  in  spite  of  the  fact  that  it  might 
reasonably  be  inferred  that  the  wearing  of  the  mask  and  tube  on  the 
first  day  would  tend  to  restrict  inuscular  activity  to  a  greater  or  less 
extent.  It  is  certain  that  no  dift'erences  in  the  respiratory  exchange 
and  heat  output  are  to  be  noted  which  at  all  correspond  to  the  enor- 
mous differences  in  carbon  dioxid  content. 
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The  niaxiinuni  roachod  during  this  experiment,  240  parts  per  10,000, 
lias  been  closel}'  approximated  in  other  individual  experiments,  as, 
for  example,  in  experiment  No.  57,  May  9,  at  10  a.  m.  and  at  4  p.  m. 
In  no  other  experiment,  however,  have  we  the  conditions  for  com- 
j)arin<2;  the  effect  in  respiratory  exchange  and  heat  production  of  air 
with  ))oth  tlie  high  and  low  carbon  dioxid  content  as  in  these  first  two 
days  of  experiment  No.  60.  None  the  less,  in  no  experiment  carried 
on  tlius  far  have  any  abnormal  results  appeared  which  could  be  in 
any  way  attributed  to  the  increased  percentage  of  carbon  dioxid  in 
tlie  chaml)er.  All  the  subjects  have  enjoyed  their  usual  good  health. 
Indeed,  subject  B.  F.  D.  was  so  pleased  to  be  relieved  of  the  mask 
that  he  was  in  unusually  good  spirits  on  the  second  day  of  the 
experiment. 

Water  Vapor  in  the  Respiration  Chamber. 

The  great  importance  attributed  by  otlier  writers  to  the  proportion 
of  water  vapor  in  the  air  renders  a  discussion  of  the  hygrometric  con- 
dition of  the  air  in  the  respiration  chamber  of  peculiar  interest. 

Water  vapor  is  continually  being  given  off  from  the  lungs  and  skin 
of  the  subject  into  the  air  inside  the  chamber.  A  considerable  part 
of  this  is  being  withdrawn  constantly  in  the  ventilating  air  current. 
Under  certain  conditions  the  amount  residual  in  the  chamber  tends 
to  accumulate,  and  there  may  also  be  a  very  considerable  condensa- 
tion of  moisture  upon  the  absorbers  and  water  pipes  for  removing 
heat.  During  rest  experiments,  when  the  amount  of  heat  given  off 
is  not  very  great,  so  that  the  temperature  of  the  water  entering  the 
absorbers  to  remove  the  heat  need  not  be  made  undvdy  low,  there  is 
no  perceptil)le  condensation  of  moisture,  and  conseciuently  practically 
all  the  water  vapor  given  off  by  the  subject  is  removed  in  the  venti- 
lating air  current.  When,  on  the  other  hand,  the  subject  works  hard, 
large  quantities  of  heat  are  evolved.  In  order  to  bring  away  this 
heat  as  fast  as  formed  the  ingoing  water  current  must  be  cooled  to  as 
low  a  temperature  as  possible.  If  in  this  way  the  heat  absorber  is 
cooled  below  the  dew-point  of  the  air  in  the  chamber  the  moisture  of 
the  air  will  condense  on  the  metal.  This  water  ultimately  finds 
its  way  into  the  troughs  or  pans  suspended  immediately  beneath  the 
absorbing  system  (see  PI.  I,  p.  40),  and  can  be  collected  in  bottles 
at  the  end  of  any  given  period.  Experiments  have  shown  that  there 
is  a  definite  relationship  existing  between  the  water  given  off  as  a 
result  of  increased  perspiration,  the  amount  of  heat  given  off,  and  the 
temperature  at  which  the  ingoing  water  must  be  sent  into  the  cham- 
ber. By  means  of  the  rather  delicate  adjustments  described  on  page 
35,  the  observer  outside  is  now  able  to  regulate  the  temperature  of  the 
ingoing  water  so  that  the  moisture  content  of  the  air  is  held  within 
reasonable  bounds. 
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At  the  end  of  every  experimental  period  a  gravimetric  determina- 
tion of  the  percentage  of  moisture  in  the  air  is  made,  from  which  the 
total  amount  of  water  vapor  in  the  air  in  the  chamber  is  readily  ascer- 
tained. From  these  data,  the  extent  to  which  the  air  in  the  chamber 
has  become  saturated — that  is,  its  relative  humidity,  can  be  computed 
as  explained  on  page  249.  The  relative  humidity  found  in  the  experi- 
ments here  reported  is  given  in  detail  in  the  last  column  of  Table  104. 

During  the  first  two  experiments,  Nos.  56  and  57,  which  were  work 
experiments,  the  relative  humidity  remained  not  far  from  76  to  79 
per  cent,  usually,  although  not  invariably,  falling  off  during  the  night. 
During  the  rest  experiment  No.  58  the  humidity  was  considerably 
lower,  and  gradually  diminished  throughout  the  whole  experiment, 
the  average  of  the  last  day  being  about  42  per  cent.  On  the  first  day 
of  experiment  No.  60,  when  the  mask  and  tube  were  worn,  the  rela- 
tive humidity  was  much  lower  than  in  any  other  experiment,  as  was 
to  be  expected.  The  lowest  proportion  was  25.6  per  cent  at  the  end 
of  the  twenty-four  hours.  Contrary,  possibly,  to  what  might  be 
expected,  the  relative  humidity  on  the  next  day,  when  the  ventilation 
was  so  markedly  cut  down,  was  not  abnormally  high,  the  increase  in 
the  amount  of  water  being  in  no  wise  comparable  to  the  increase  in 
the  amount  of  carbon  dioxid.  This  shows  especially  the  effect  of  the 
condensation  of  moisture  on  the  heat  absorbers.  Indeed,  it  is  highly 
probable  that  with  a  rest  experiment  it  would  be  very  difficult  to  get 
humidity  much  higher  than  70  per  cent  with  the  rate  of  ventilation 
here  used.  The  work  experiments  Nos.  62,  63,  and  64  show  a  humid- 
ity comparable  to  that  of  the  work  experiments  Nos.  56  and  57. 
During  the  rest  experiments  Nos.  65-67,  the  humidity  materially 
diminished. 

It  is  important  to  note  that  the  temperature  of  the  respiration 
chamber  remained  practically  constant  at  20°  C.  during  all  these 
experiments,  and  this  temperature  was  assumed  in  all  the  computa- 
tions for  Table  104. 

GENERAL  CONCLUSIONS  REGARDING  VENTILATION. 

As  a  result  of  the  evidence  obtained  with  the  respiration  calorim- 
eter the  following  deductions  seem  justified:  (1)  That  an  increase  in 
the  amount  of  carbon  dioxid  present  in  the  air  is  absolutely  without 
effect  on  the  mental  and  bodily  comfort  of  the  subjects  of  the  experi- 
ments. These  subjective  observations  are  paralleled  by  observations 
on  the  respiratory  exchange  and  heat  output,  neither  of  which  factors 
is  in  any  way  affected.  (2)  The  so-called  concomitant  impurities  of 
the  earlier  writers  were  not  discovered  in  this  research.  The  subjects 
at  no  time  complained  of  headache  or  other  discomfort.  It  is  con- 
ceivable, to  be  sure,  that  the  impurities  from  one  individual  would 
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have  no  deleterious  effect  upon  the  same  individual,  hut  might  have 
on  another;  yet  the  water  condensed  from  the  respired  air,  which 
would  probably  contain  large  proportions  of  such  impurities  if  there 
had  been  any,  when  injected  into  white  rats  showed  no  indication 
whatever  of  any  virulent  toxic  poison;  and  (3)  we  believe  that  the 
unusual  control  of  thermometric  and  hygrometric  conditions  of  this 
form  of  respiration  calorimeter  precludes  conditions  of  temperature 
and  humidity  ordinarily  ])resent  in  poorly  ventilated  rooms. 

Although  no  attempt  is  here  made  to  discuss  ventilation  from  the 
standpoint  of  hygiene,  the  observations  of  Smith"  are  of  interest. 
He  determined  the  humidity  and  temperature  of  the  external  air 
for  the  winter  months  in  New  York  and  in  Denver,  Colo.,  and  also 
for  air  indoors  in  New  York,  and  he  shows  that  living  rooms  heated 
artificially  without  moistening  the  air  are  excessively  dry.  As  a 
result  of  his  experiments  he  found  that  with  a  humidity  ranging 
from  50  to  70  per  cent  a  temperature  of  72°  F.  was  considered  imcom- 
fortably  hot,  68°  warm,  while  65°  was  comfortable.  Smith  empha- 
sizes the  fact  that  dependence  should  not  be  placed  on  thermometers 
alone  in  heating  buildings,  but  a  hygrometer  should  also  be  used 
and  some  means  for  moistening  the  air. 

The  results  of  the  experiments  with  the  respiration  calorimeter 
must  not  be  considered  in  anywise  as  evidence  in  favor  of  a  decreased 
rather  than  an  increased  ventilation  of  ordinary  living  rooms,  lecture 
halls,  and  public  buildings.  The  great  advantage  to  all  in  breathing 
plenty  of  ])ure,  fresh  outdoor  air  can  not  be  denied  by  anyone.  The 
germicidal  properties  of  atmospheric  air  and  sunlight  are  of  the 
utmost  importance  in  conserving  our  health.  If  these  experiments 
throw  any  more  light  upon  the  vexed  problems  of  ventilation  and 
emphasize  the  importance  of  determinatit)ns  of  moisture  rather  than 
of  carbon  dioxid,  they  will  have  been  productive  of  good  results. 
It  is  certainly  erroneous  and  unscientific  to  rely  upon  the  determina- 
tion of  carbon  dioxid  in  the  air  of  a  room  as  a  measure  of  its  condition 
for  respiration.  The  quantity  would  become  serious,  of  course,  when 
large  enough  to  dilute  the  air  to  such  an  extent  that  the  quantity 
of  oxygen  present  would  be  insuflPicient  for  daily  needs;  but  it  can 
never  accumulate  to  a  serious  degree  in  any  ordinary  room  in  which 
proper  attention  is  given  to  regulation  of  the  moisture  content  and 
temperature. 

CONSERVATION  OF  ENERGY  IN  THE  BODY. 

In  spite  of  the  fact  that  there  are  probable  errors  of  physiological 
experimenting,  which  on  individual  days  and,  indeed,  in  individual 
experiments,  may  produce  errors  of  considerable  magnitude,  yet 
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nevertheless  the  average  of  the  large  number  of  experiments  results 
in  the  compensation  of  errors  to  such  an  extent  that  the  net  income 
when  compared  with  the  net  outgo  on  a  long  series  of  experiments 
shows  almost  identical  agreement.  This  agreement  is  shown  in  Table 
105,  in  which  not  only  the  results  of  the  experiments  here  reported 
are  given,  but  also  those  of  previously  reported  experiments. 

Table  105. —  Total  income  and  outgo  of  energy,  metabolism  experiments  Nos.  56-58  and 

60-67. 


Subjects  and  kinds  of  experiments. 

Dura- 
tion. 

Net 
income. 

Net 
outgo. 

Difference  in  terms 
of  net  income. 

Rest  experiments. 

H.  F.,  experiment  No.  58,  carbohydrate  diet  

B.  F.  C,  experiment  No.  60,  carboiiydrate  diet  

A.  L.  L.,  experiment  No.  65,  carbohydrate  diet  

A.  L.  L.,  experiment  No.  66,  carbohydrate  diet  

A.  L.  L.,  experiment  No.  67,  oarljohydrate  diet  

Total,  3  rest  experiments  with  A.  L.  L  

Total,  6  rest  experiments  here  reported  

Total,  22  rest  experiments  as  previously  re- 
ported   

Days. 
3 
3 

Calories. 
5, 678 
6|441 

Calories. 
5,712 
6^683 

Calories. 
+  34 
+242 

Per  cent. 
+0.6 
+3.7 

1 
2 

2,541 
2  462 
5, 455 

2,453 
2  471 
5^377 

-  88 
+  9 

-  78 

-3.5 
+  .4 
-1.4 

4 

10, 458 

10,301 

-157 

-1.5 

10 

22  577 

22  696 

+  119 

+  .5 

67 

151, 638 

152, 051 

+  413 

+  .3 

Total,  all  rest  experiments  

irort  experiments. 

J.  C.  W.,  experiment  No.  56,  fat  diet  

.1.  C.  W.,  experiment  No.  57,  carbohydrate  diet  

B.  F.  D.,  experiment  No.  61,  carbohydrate  diet  

A.  L.  L.,  experiment  No.  62,  carbohydrate  diet  

A.  L.  L.,  experiment  No.  63,  fat  diet  

Total,  5  work  experiments  

A.  L.  L.,  experiment  No.  64,  severe  work,  fat  diet  

Total,  6  work  experiments  here  reported  

Total,  23  work  experiments  as  previously  re- 
ported   

77 

174  215 

174, 747 

+532 

+  .3 

3 
3 
1 
3 
3 

15, 423 
16,378 
4,463 
14,257 
14, 792 

15,852 
16,304 
4, 565 
14,  464 
14, 671 

+  429 
-  74 
+  102 
+207 
-121 

+2,7 

-  .5 
+  2.2 
+  1.5 

-  .8 

13 

65, 313 

65, 856 

■+543 

+  .8 

1 

7,185 

7,137 

-  48 

14 

72, 498 

72, 993 

+495  1        +  .7 

76 

346, 167 

345, 641 

-526 

_  .  2 

Total,  all  work  experiments  

90 

418, 665 

418,634 

-  31 

Total,  all  rest  and  work  experiments  here  re- 
ported  

24 

95,075 

95, 689 

+  614 

+  .6 

Total,  all  rest  and  work  experiments  

167 

592, 880 

593, 381 

+501 

+  .1 

Taking  the  rest  experiments  into  consideration,  it  is  seen  that  in 
the  five  rest  experiments  here  reported  there  were  22,577  calories  in 
the  net  income  and  22,696  calories  in  the  net  outgo,  an  increase  of  119 
calories,  or  0.5  per  cent.  In  the  twenty-two  rest  experiments  pre- 
viously reported  there  was  a  net  income  of  151,638  calories  and  a 
net  outgo  of  152,051  calories,  an  increase  of  413  calories,  or  0.3  per 
cent.  In  all  the  rest  experiments  thus  far  reported,  covering  seventy- 
seven  days,  the  net  income  is  174,215  calories  arid  the  net  outgo 
174,747  calories,  the  net  outgo  being  greater  by  532  calories,  or  0.3 
per  cent.  In  the  work  experiments  the  quantities  involved  are 
much  larger,  and  in  the  six  work  experiments  here  reported,  covering 
fourteen  days,  there  were  72,498  calories  in  the  income  and  72,993 
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calories  in  the  outgo,  which  was  greater  by  495  calories  than  the 
income,  an  error  of  +0.7  per  cent.  Taking  into  consideration  all 
the  work  experiments  previously  reported  and  those  here  reported, 
covering  in  all  ninety  days,  the  total  income  was  418,665  calories 
and  the  total  outgo  418,634  calories,  the  difference  being  — 31  calories. 
In  the  twenty-fovir  days  of  rest  and  work  experiments  here  reported 
there  is  a  difference  of  614  calories  in  about  95,000,  an  error  of 
+  0.6  per  cent.  With  all  the  experiments  thus  far  made  with  the 
respiration  calorimeter,  covering  one  hundred  and  sixty-seven  days, 
the  net  income  is  592,880  calories  and  the  net  outgo  593,381  calories, 
the  outgo  being  greater  by  501  calories  than  the  income.  The  error 
is  therefore  but  0.1  per  cent. 

It  is  perhaps  significant  that  with  both  the  rest  and  work  experi- 
ments the  amoiuits  measured  by  the  calorimeter  are  slightly  greater 
than  those  assumed  as  oxidized  in  the  body.  From  the  results  of 
many  alcohol  and  electrical  check  experiments  it  seems  highly 
probable  that  the  amounts  measured  by  the  calorimeter  are  correct, 
and  the  error  is  probably  due  to  the  use  of  certain  factors  in  com- 
puting the  potential-  energy  of  the  material  oxidized  in  the  body,  as 
explained  in  the  preceding  sections  (p.  75). 

While  there  is  no  attempt  to  minimize  the  fact  that  the  close 
agreement  in  the  above  results  is  largely  due  to  compensating  errors, 
it  still  seems  reasonable  to  conclude,  from  the  smallness  of  the  varia- 
tions in  the  several  experiments,  that  there  can  be  no  material 
quantities  of  energy  that  leave  the  body  other  than  those  measured 
by  the  calorimeter.  The  results  of  these  measurements  may  there- 
fore be  taken  as  signifying  that  the  law  of  the  conservation  of  energy 
obtains  in  the  human  body. 


APPENDIX. 


The  fundamental  dala  of  the  nietabolisin  experiments  are  very  numerous.  Inas- 
much as  they  are  an  essential  part  of  the  record  of  the  experiments,  they  are  included 
in  the  report,  but  in  order  that  the  account  of  the  investigations  may  l)c  the  more  con- 
cise these  details  are  given  as  an  appendix.  Even  here  the  data  in  some  cases  have 
been  condensed  from  the  actual  records  during  the  investigations,  ))ut  nothing  essen- 
tial has  been  omitted. 

Table  KXJ. — Amomit ,  specific  gravity,  and  nitrogen  of  ■urine  by  [leruxh,  iiieldbolism 
experiments  Nos.  56-58  and  00-67. 


Date. 


Period. 


Amount. 

Specific 
gravity. 

Nitrogen. 

Grams. 
1,457.2 
667.3 

1. 0275 
1. 0375 

Per  cent. 
1.060 
1.950 

Grams. 
15.  45 
13. 01 

215.8 
256.  6 
91.0 
369.9 

1.0350 
1.0345 
1. 0385 
1. 0270 

1.620 

1.  t;oo 

2.  12U 
1.460 

3.50 
4. 11 
1.93 
5.40 

933.3 

14. 94 

933.3 

1.0315 

1.590 

14.84 

240.3 
542.  8 
492.  3 
351.4 

1.0235 
1.0170 
1.0140 
1.0220 

1.396 
.755 
.575 

1.026 

3.35 
4. 10 
2.83 
3.61 

1,626.8 

13.89 

1,626.8 

1.0190 

.8.57 

13. 94 

374.2 
.593.  2 
178.2 
350.0 

1. 0225 
1.0190 
1. 0265 
1. 0240 

.891 
.644 
1..540 
1.  263 

3.33 
3.82 
2.  74 
4.42 

1,495.6 

14.31 

1,495.6 

1.  0230 

.954 

14.27 

317.0 
284.5 
136.8 
234.7 

1.0190 
1. 0300 
1. 0330 
1.0320 

1.085 
1.462 
2. 127 
2.  122 

3.44 
4. 16 
2. 91 
4.98 

973.0 

 1  

15.49 

973.0       1.0290  1.586 

15.43 

206.0 
348.2 
141.3 
263.6 

1.0300 
1. 0250 
1. 0350 
1.0290 

2.093 
1.679 
1.324 
1.987 

4. 31 
5.85 
1.87 
5. 14 

959.1 

17. 17 

959. 1 

1.0280  1.810 

17.36 

3, 427. 7 

 1 

46.97 

3,427.7  !      1.0250  1.382 

47.37 

1903. 
Apr.  23-24. 
.\pr.  24-25. 

Apr.  2.5-26. 


Apr.  26-27. 


Apr.  27-28. 


Apr.  28-29. 


Apr.  29-30. 


Prelimimiry  to  experiment  No.  56. 

7  II.  111.  to  7  a.  Ill  

7  a.  ni.  to  7  a.  Ill  

7  a.  m.  to  1  p.  m  

I  p.  111.  to  7  p.  m  

7  p.  m.  to  11  p.  ni  

II  p.  ni.  to  7  a.  m  

Total  

Total  hy  composite  

7  a.  m.  to  1  p.  Ill  

I  p.  m.  to  7  p.  m  

7  p.  ni.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  l)y  composite  

Experiment  No.  56. 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  111.  to  7  a.  m  

Total  

Total  by  composite  

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  ,  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  l)y  cf)iiipositp  

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

Total,  3  days  

Total.  3  days,  by  composite  

(265) 
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Table  lOfi. — Amount,  specific  gravity,  and  nitrogen  of  urine  by  periods,  metabolism 
experiments  Nos.  56-68  and  60-67 — Continued. 


Date. 

Period. 

Amount. 

Specific 
gravity. 

Nitrogen. 

1903. 
May  3-4  

Preliminary  to  experiment  No.  57. 

Grams. 
2, 073. 8 
791.3 

1.0190 
1.0320 

Per  cent. 
0.807 
1.560 

Grams. 
16.74 
12. 34 

May  4-5  

7  a.  m.  to  7  a.  m  

May  5-6  

7  a.  m.  to  1  p.  m  

136.6 
167.5 
122.5 
504.5 

1. 0320 
1. 0380 
1. 0390 
1. 0180 

1.810 
1. 83.3 
2.  200 
.  857 

2. 47 
3. 07 
2.  70 
4. 32 

May  6-7  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

931.0 

12. 56 

Total  bv  composite  

7  a.  m.  to  1  p.  ni  

931.0 

1. 0250 

1.  350 

12.57 

185.0 
198.5 
165.5 
450.3 

1. 0340 
1. 0370 
1. 0385 
1.0215 

1.506 
1.660 
1.  635 
.  845 

2.79 
3.30 
2.  71 
3. 81 

May  7-8  

1  p.  m.  to  7  p.  m  

7p.  m.  to  11  p.  m  

.11  p.  m.  to  7  a.  m  

Total  

999.3 

12. 61 

Total  by  composite  

Experiment  No.  57. 
7  a.  m.  to  1  p.  m  

999.3 

1.0290 

1.257 

12.56 

329.4 
281.0 
132.6 
246.5 

1.030O 
1. 0360 
1.0410 
1.0310 

1.032 
1.238 
1.779 
1.  611 

3.40 
3.48 
2. 36 
3.97 

May  8-9  

I  p.  m.  to  7  p.  ni  

7  p.  m.  to  11  p.  m  

II  p.  m  to  7  a.  m  

Total  

989.5 

13.21 

Total  by  composite  

7  a.  m.  to  1  p.  m  ,  

989.5 

1. 0330 

1.330  13.16 

197.7 
273.1 
130.5 
236.3 

1.0380 
1.0380 
1.0440 
1.0340 

1.800 
1.547 
2. 140 
■1.865 

3.56 
4.22 
2.80 
4.41 

May  9-10  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

837.6 

14.99 

Total  by  composite  

7  a.  m.  to  1  p.  m  

837.* 

1.0350 

1.784 

14. 9.4 

239.7 
230.9 
145.4 
240. 1 

1.0390 
1. 0390 
1.0400 
1.0310 

1.026 
1.813 
2.204 
1.879 

3.90 
4.19 
3.20 
4.51 

Nov.  7-8  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a  .  m  

Total  

856.1 

15.80 

Total  by  composite  

Total.  3  days  

8.56.1 

1.0360 

1.833 

15.69 

2  683. 2 

44.00 

Total,  3  days,  by  composite  

Preliminary  to  experiment  No.  58. 
7  a.  m.  to  7  a.  m  

2,683.2 

1.0410 

1.625 

43.60 

354  3 
387.4 
233.0 

1  0315 
i;0330 
1.0330 

1.540 
1.730 
2.010 

5.47 
6.69 
4.67 

Nov.  8-9  

7  a.  m.  to  7  a.  m  

Nov.  9-10  

7  a.  m.  to  7  a.  m  

Nov.  10-11 

Experiment  No.  58. 
7  a.  m.  to  7  a.  m  

403.8 
399.7 
447.0 

1.0310 
1.0325 
1.0330 

1.930 
2.070 
2.090 

7.79 
8.27 
9.34 

Nov.  11-12  

7  a.  m.  to  7  a.  m  

Nov.  12-13 

7  a.m.  to  7  a.m  

1904. 
Jan.  21-22  

Total,  3  days  

1,250.5 

25.40 

Total,  3  days,  by  composite  

Preliminary  to  experiment  No.  60. 
7  a.  m.  to  7  a.  m  

1,250.5 

1.0340 

1.998 

24.98 

876.  6 
801.0 
886.7 
882.8 

1.0340 
1.0345 
1. 0325 
1.0340 

1.070 
1.900 
1.810 
1.700 

14.70 
15.23 
16. 04 
14.97 

.Tan.  22-23  

7  a.  m.  to  7  a.  m  

Jan.  23-24  

7  a.  m.  to  7  a.  m  

Jan.  24-25  

7  a.  m.  to  7  a.  m  
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Table  10(1. — Aiiu)inil,  specific  gravily,  and  nilmgcn  of  iirinrliij  mctahoUttvi 
irperiments  Nos.  Sli-SS  anil  (ill -(17 — Coiilinucil. 


Date. 


Period. 


Amount. 

Specific 
gravity. 

Nitrogen. 

\XI  u  IHO- 

243. 4 
183.0 
273.2 
240.2 

1.0295 
1.0320 
1.0345 
1.0335 

Per  cent. 
1.420 
1.530 
1.570 
1.720 

Gram.%. 
3. 45 
2. 80 
4.30 
4. 14 

939.8 

14.69 

939.8 

1.0310 

1.570 

14. 72 

378.0 
201.3 
114!  6 
245. 0 

1.0290 
1. 0330 
1.0340 
1.0330 

1.450 
1. 490 
L660 
1.860 

5. 49 
3.00 
1.91 
4.55 

938.9 

14.95 

938. 9 

1.0325 

1.590 

14.94 

1,878.7 

29.64 

1,878.7 

1.690 

31.75 

245.8 
31ti.  0 
180.8 
365.2 

1. 0345 
1. 0345 
1. 0365 
1!  0300 

1. 440 
L470 
1. 590 
1^470 

3.54 
4.  65 
2.88 
5. 38 

1,107.8 

16.45 

1,107.8 

1.0335 

1.490 

16.48 

224.0 
271.6 
182.7 
328.9 

1.0300 
1.0340 
1.03.50 
1.0215 

1.620 
1.560 
1.640 
1.180 

3.63 
4.25 
2.99 
3.87 

1,007.2 

14.74 

1,007.2 

1.0290 

1.450 

14. 64 

287.5 
260. 0 
190!  9 
636. 8 

1.0280 
1. 0330 
l!0330 
1.0190 

1.300 
1.590 
L500 
.800 

3.75 
4. 12 
2.98 
5.10 

1,375.2 

15.95 

1,375.2 

1. 0250 

1.160 

15. 89 

3,490.2 

47. 14 

3,490.2 

1.0310 

1.330 

46.43 

200.7 
274.0 
175.8 
254  5 

1.0270 
1.0340 
1.0355 
1. 0345 

1.340 
1.600 
2.050 
2.280 

2.09 
4.38 
3.60 
5.79 

905.0 

16.46 

905.0 

1. 0310 

1.820 

16. 51 

7.33. 4 

1.0350 

2.000 

14. 65 

648.3 
714.6 
756.8 
669.6 

1.0385 
1.0365 
1.0360 
1. 0395 

2.339 
2.291 
2.001 
2.150 

15. 16 
16.37 
15. 14 
14.40 

2,789.3 

61.07 

2,789.3 

1 

1.0365 

2.185 

60.95 

1904. 

!5"2(i. 


Preliminary  to  experiment  No.  SO— Continued. 


7  a.  m.  to  1  p.  m. . 

I  p.  m.  to  7  p.  m.. 
7  p.  m.  to  11  p.  m. 

II  p.  m.  to  7  a.  m. 


Total  

Total  by  composite. 


7  11.  m.  to.l  p.  m . . 
1  p.  m.  to  7  p.  m . . 
7  p.  m.  to  11  p.  ni . 
lip.  Bi.  to  7  a.  m. 


Total  

Total  liy  composite  

Total.  2  (lays  

Total.  2  days,  by  compo.site. 
Experiment  No.  60. 


7  a.  m.  to  1  p.  m . . 

I  p.  m.  to  7  p.  m . . 
7  p.  m.  to  11  p.  m . 

II  p.  m.  to  7  a.  m. 


Total  

Total  by  composite. 


7  a.  m.  to  1  p.  m.. 

I  p.  m.  to  7  p.  ni-- 
7  p.  m.  to  11  p.  m. 

II  p.-  m.  to  7  a.  m. 


Total  

Total  by  composite. 


7  a.  m.  to  1  p.  m. . 

I  p.  m.  to  7  p.  m.. 
7  p.  m.  to  11  p.  m. 

II  p  m.  to  7  a.  m. 


Total  

Total  by  composite  

Total,  3  days  

Total,  3  days,  by  composite. 
Experiment  No.  61. 


7  a.  m.  to  1  p.  m. . 
1  p.  m.  to  7  p.  m . . 
7  p.  m.  to  H  p.  m. 
U  p.  m.  to  7  a.  m. 


Total  

Total  by  composite  

Following  (xperiment  No.  61. 

7  a.  m.  to  7  a.  m  

Preliminari/  lo  experiment  No.  62. 


7  a.  m.  to  7  a.  m. 
7  a.  m.  to  7  a.  m. 
7  a.  m.  to  7a.m. 
7  a.  m.  to  7  a.  m. 


Total,  4  days  

Total,  4  days,  by  composite. 


268 


Table  106. — Amount,  specific  gravity,  and  nitrogen  of  urine  by  periods,  metabolism 
experiments  Nos.  56-58  and  60-67 — Continued. 


Date. 

Period. 

Amount. 

Specific 
gravity. 

Nitrogen. 

1904. 
Apr.  16-17  

Apr.  17-18  

Experiment  No.  6S. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

11  p.  m.  to  7  a.  m  

Total  

Grams. 

.55.8 
221.7 

95.2 
167.5 

1.0360 
1.0405 
1. 0465 
1. 0410 

Per  cent. 
2.829 
2.472 
2.830 
2.876 

Grams. 
1.58 
5.48 
2.69 
4.82 

540.2 

14.57 

7  a.  m.  to  1  p.  m  

540.2 

1.0420 

2.682  14.49 

131.7 
150.4 
101.3 
161.0 

1.0385 
1.0410 
1.0420 
1.0405 

2.734 
2.411 
2.825 
3.058 

3.60 
3.63 
2.86 
4.92 

Apr.  18-19  

I  p.  111.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

544.4 

1 

15.01 

7  a.  m.  to  1  p.  Ill  

544.4 

1.0405 

2.768 

15.07 

150.4 
198.9 
142.9 
198.0 

1.0360 
1.0390 
1.0385 
1.0380 

2.673 
2. 161 
2.399 
2.527 

4.02 
4.30 
3.43 
5.00 

Apr.  19-20  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

690.2 

16.75 

Total,  3  lavs  

690.2 

1. 0395 

2.436 

16.81 

1,774.8 

46.33 

Total,  3  iays,  Ir;  eomncsito  

Experiment  No.  63. 
7  a.  m.  to  1  p.  m  

1,774.8 

1.0395 

2.588 

45.93 

149.0 
252.7 
243.5 
313.3 

1.0345 
1.0330 
1. 0295 
1.0230 

2. 194 
1.602 
1.491 
1.045 

3.27 
4.05 
3.(>3 
3.27 

Apr.  20-21  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

958.5 

14.22 

7  a.  m.  to  1  p.  m  

958.5 

1.0270 

1.303  1  14.41 

456.2 
373.9 
452.5 
563.0 

1. 0250 
1. 0260 
1. 0250 
1. 0220 

1.113 
1.010 
1.080 
.999 

5.08 
3. 78 
4.89 
5. 62 

Apr.  21-22 

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

1,845.6 

19.37 

Total,  by  composite   

7  a.  111.  to  1  p.  m  

1,845.6 

1. 0240 

1.046 

19.31 

423.5 
458.3 
340.5 
621.4 

1. 0220 
1. 0250 
1. 0245 
1.0230 

.997 
1.034 
1.187 
1.103 

4.22 
4.74 
4.04 
6.85 

Apr.  22  2.3  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

1, 843.  7 

19.85 

Total,  bv  composite  

Total,  3  days  

1,843.7 

1. 0235 

1.067 

19. 67 

4,647.8 

53.44 

Total,  3  days,  by  composite  

Experiment  No.  61,. 
7  a.  m.  to  1  p.  m  

4,647.8 

1. 0240 

1.146 

5.3. 26 

192.2 
299.3 
155.4 
489.2 

1.0260 
1.  0265 
1.0300 
1. 0290 

1.290 
1.073 
1.208 
1.657 

2. 48 
3.21 
1.88 
8.11 

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

1,1.36.1 

15. 68 

1,136.1 

1.0285 

1.371 

15.58 

269 


Table  10(>. — Amount,  spcnjlc  gravity,  and  nitrogen  of  urine  by  periods,  nictabolisni  • 
experiments  Nos.  66-58  and  60-67 — Continued. 


Period. 


Amount. 


Specific 
gravity. 


Apr.  29-30. 


KxperinirnI  No.  65. 

1  a. in.  to  1  p.  in   

I  p. .in.  to  7  p.  m  

7  p.  in.  to  11  p.  m  

II  p  III.  to  7  a.  ni  

Total  

'I'otal,  by  composite  

F.riiirimenI  No.  66. 

7  a.  111.  to  1  p.  Ill  

I  p.  in.  to  7  p.  ni  

7  p.  m.  to  11  p.  ni  

II  p.  ni.  to  7  a.  in  

Total  

Total,  liy  conipo.site  

Experiment  No.  67. 

7  a.  111.  to  1  p.  Ill  

I  p.  in.  to  7  p.  m  

7  p.  ni.  to  11  p.  in  

II  p.  in.  to  7  a.  m  

Total  

Total,  by  conipo.site  

7  a.  III.  to  1  p.  Ill  

I  p.  III.  to  7  p.  in  

7  p.  m.  to  11  p.  ni  

II  p.  m.  to  7  a.  in  

Total  

Total,  l)y  composite  

Total,  4  days,  experiments  Nos.  Ky-ti'  

Total,  4  (lays,  experiments  Nos.  G.">-(i7, 1)y 
composite  

Following  experiment  No.  67. 

7  a.  in.  to  1  p.  in  

1  p.  in.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

U  p.  in.  to  7  a.  in  

Total  

Total,  by  composite  

7  a.  ni.  to  1  p.  m  

1  p.  m.  to  7  p.  m  

7  p.  m.  to  7  a.  in  

Total  

Total,  by  composite  

Total,  2  days  

Total,  2  days,  by  composite  

7  a.  in.  to  7  a.  m  


Grams. 
■284. 9 
287.0 
195.2 
31().  5 


1,083.6 


1,083.6 


136.6 
380.0 
148.5 
376.6 


1.0295 
1.0305 
1. 0305 
1.0285 


Per  cent. 
2.222 
2.258 
2.  301 
2. 123 


1.0290 


1.0305 
1.0315 
1.0345 
1. 0235 


1,041.7 


1,041.7 


202.6 
223.  4 
235. 5 
414.8 


1,076.3 


255.3 
360.4 
196.5 
532.2 


4, 546. 0 


4,546.0 


267.5 
264. 6 
172.1 
297.5 


1,001.7 


1,001.7 


221.9 
223.1 
398.8 


843.8 


843.8 


1,845.5 


1.0290 


1. 0290 
1.0315 
1. 0225 
1. 0230 


1.076.3  1.0270 


1.0265 
1. 0240 
1. 0270 
1. 0195 


1.0235 


1. 0265 


1.0190 

1.0220 
1. 0215 
1.  0230 


1. 0230 


1.0225 
1. 0260 
1.0270 


1.0265 


1,845.5  I  1.0255 


961.3  1  1.0255 
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Table   107. — Percentage  composition  and  heat  of  combustion  of  urine,  mctaholisvi 
experiments  Nos.  56-68  and  60-67. 


Date. 


1903. 

Apr.  23-24  

24-  25.  

25-  27  

27-  28  

28-  29  

29-  30 
3-day  composite. 
May  .3-  4  

4-  5  

5-  6  

6-  7  

7-  8  

8-  9  

9-  10  

3-day  composite. 


Water. 


Per  cent. 


Total 
solids. 


Nitrogen. 


Per  cent. 


6-day  composite. 

1904. 
Jan.  21-22  

22-  23  

23-  24  

24-  25  

25-  26  

26-  27  

6-day  composite. 
Jan.  27-28  

28-  29  

29-  30  

3-  day  composite.  . 

Jan.  30-31  

Apr.  12-13  

13-  14  

14-  15  

15-  16  

4-  day  composite . 
Apr.  16-17  

17-  18  

18-  19  

3-day  composite. 
Apr.  19-20  

20-  21  

21-  22  

3-  day  composite. 
Apr.  22-23  

23-  24  

24-  25  

25-  26  

26-  27  

4-  day  composite. 


94. 21 


91.95 


94.  45 
93. 15 


90. 


95. 30 
94. 67 


94. 19 


4.67 


5.  79 


.05 


5.  55 
6. 85 


9.20 


4.  70 

5. 33 


5. 81 


Per  cent. 
1.06 
1.95 
1. 12 

.95 
1.59 
1.81 
1.38 

.81 
1.56 
1.35 
1.26 
1.33 
1.78 
1.83 
1.63 
1..54 
1.73 
2. 01 
1.93 
2. 07 
2. 09 
2. 00 


Carbon. 

PCT  CGTlt, 

Hydrogen. 

Ash. 

Heat  of 
combus- 
tion per 
gram. 

Per  cent. 

Per  cent. 

Cdl-oviiCs, 

0.100 
.098 
.134 
.144 
.121 

1.11 

0. 28 

0. 94 

.126 
.128 
.122 
.152 
.158 
.153 
.164 
.  170 
.  200 
178 
.  185 
!l82 
.195 

1.  .33 

.35 

1.28 

1  79 

.  44 

1.44 

1 

.  150 
.  123 
.117 
.098 

1.20 
1.42 

.  .28 
.37 

1.46 
1.61 

.153 

1 

.181 
.234 
.237 
.200 
.227 
.118 
.080 
.080 
.092 
.113 
.162 
.151 
.128 
.091 
.136 

2. 12 

.50 

1.28 

1 

.87 
1.03 

.23 
.29 

1.30 
1.12 

1. 19 

.31 

.94 

<2  The  letter  P  indicates  the  period  preliminary  to  that  of  the 


experiment  proper. 
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Tablk  108. — Comparison  of  residual  amoimls  of  carbon  dioxid  and  water  in  the  ehamhcr 
at  the  beginning  and  end  of  each  period  and  the  corresponding  gain  or  loss,  iiielabolisin 
experiments  Nos.  56-58  and  62-67. 


Date. 


End  of  poriod. 


1903. 
Apr.  27.. 


Al.T.  27-28. 


Preliminary  to  ex- 
periment No.  5G. 


1  a.  m  

1  a.  m.  to  ' 


Kxperiment  A'o.  56. 


7  a.  m.  to  1  p.  m. 
1  p.  m.  to  7  p.  m. 
7  p.  m.  to  1  a.  m. 
1  a.  in.  to  7  a.  m. 


Total. 


7  a.  ni.  to  10  a.  ni. 
10  a.  m.  to  1  p.  m. 
1  p.  m.  to  4  p.  ni. . 
4  p.  m.  to  7  p.  m. . 
7  p.  in.  to  10  p.  m. 
10  p.  m.  to  1  a.  m. 
1  a.  m.  to  4  a.  m. . 
4  a.  m.  to  7  a.  in. . 


Total. 


7  a.  m.  to  10  a.  m. . . 
10  a.  III.  to  1  p.  m. . . 

1  p.  111.  to  4  p.  m  

4  p.  m.  to  7  p.  ni  

7  p.  m.  to  10  p.  m.. . 
10  p.  in.  to  1  a.  ni. . . 

1  a.  111.  to  4  a.  m  

4  a.  m.  to  7  a.  m  


Total. 


Total  3  days. 


Preliminary  to  ex- 
periment No.  57. 


1  a.  m  

1  a.  ni.  to  4  a.  m. 
4  a.  in.  to  7  a.  m. 


Total. 


Experiment  No.  57 

7  a.  m.  to  10  a.  m. . 
10  a.  m.  to  1  p.  m. 
1  p.  in.  to  4  p.  m. . 
4  p.  ni.  to  7  p.  in. . 
7  p.  m.  to  10  p.  ni. 
10  p.  ni.  to  1  a.  m. 
1  a.  m.  to  4  a.  ni. . , 
4  a.  m.  to  7  a.  m. . 


Total. 


7  a.  m.  to  10  a  m. 
10  a.  ra.  to  1  p.  m. 
1  p.  m.  to  4  p.  m. . 
4  p.  m.  to  7  |).  m. . 
7  p.  in.  to  10  p.  m . 
10  p.  m.  to  1  a.  m. 
1  a.  in.  to  4  a.  m. . 
4  a.  m.  to  7  a.  m. . 


Total. 


Carbon  dioxid. 


0.2 

03  o 


Grams. 
37.  2.5 
42.  55 


142.  38 
117.28 
48.  38 
40.  53 


169.09 
151.04 
170.  73 
91.04 
53. 18 
41.87 
33.  61 
38. 15 


158. 16 
85.  23 
171.02 
105.  73 
56.  24 
44.96 
39.90 
35.49 


42.  37 

41.  75 
38.95 


142.  22 
1.35.  80 
158.88 
114.  45 
75.  76 
86.59 
56.  42 
50.  94 


170.  44 
92.  79 
150.  35 
107.  06 
49.  77 
,37.  98 
23.98 
28.  15 


Grams. 
+  '"5.'36' 


+  99.83 

-  25. 10 

-  68.90 

-  7.85 


-  2.02 


+  128.56 

-  18.05 
+  19.69 

-  79.69 

-  37.86 

-  11.31 

-  8.26 
+    4. 54 


2.38 


+  120. 01 

—  72. 93 
+  8.5.79 

—  05,  29 

—  49.  49 

—  11.28 

—  5.06 

—  4.41 


—  2.66 


7.06 


.62 


—   3.  42 


+  103.  27 

—  6.  42 
+  23.08 

—  44.  43 

—  .38.  69 
+  10.83 

—  30.17 

—  5.48 


+  11.99 


+  119.50 

—  77.  65 
+  57.56 

—  4.3. 29 

—  57. 29 

—  11.  79 

—  14.00 
+  4.17 


Water. 


IBS 
i  ^-^ 


+  O  tu) 


Grams.  |  Grams. 

56.84  !  

54.  64  I  -  2.  20 


67.  95 
68.82 
64.  04 
63.  14 


+  13.  31 
+  .87 

-  4.78 

-  .90 


p  f- 

o 


t_,  Of 

.SB 


P  O 


Grams. 


+  1,003.  82 
+  1,190.  02 
+  75.  .30 
+     74. 46 


+  8.50  +  2,343.60 


66.02 

+ 

2.88 

+ 

69.  9(1 

+ 

3.94 

+ 

68.  22 

1.74 

+ 

64.97 

3.  25 

+ 

66.  47 

+ 

1.50 

+ 

68.60 

+ 

2. 13 

+ 

68.  71 

+ 

.U 

+ 

63.70 

5.01 

+ 

65.  21 

66.  30 

67.  43 
66.  77 
62.  62 
69.  79 
67. 11 

.60.37 


679.  41 
679.  41 
621.91 
621.  91 
16.  39 
16.  39 
15.89 
15.89 


+    .56  +2,667.20 


60.63 
60.09 
54.52 


61.42 
65.06 
66. 82 
66.99 
65.12 
69.  75 
64.  32 
61.  27 


+  1.51 
+  1.09 
+  1.13 

—  .66 

—  4. 15 
+  7.17 

—  2.  68 

—  6.74 


3.33 


+  5.73 


.54 
5.57 


—  6.11 


5.33.  62 
5.33.  62 
638.  33 
638.32 
28.  83 
28.83 
28.  33 
28.32 


+  2,458.20 


+  7,469.00 


+  6.90 
+  3.04 
+  1.76 
+  .17 

—  1.87 
+  4.63 

—  5.  43  1+ 

—  3.05  ,+ 


650.00 
650.00 
495.20 
495.20 
53.00 
53.00 
42.90 
42.90 


+  6.75  +  2,482.20 


Grams. 


55.  10 
55.00 


110. 10 


.39.  70 
39.80 
.39.  70 
39.  70 


158.90 


51.00 
51.00 
51.00 
50.90 


20.3.90 


472.90 


35.50 
35.  50 
35.50 
3.5.50 


142.00 


22.79 


68.06 
68.84 
65.70 
68.64 
60.53 
65. 05 
58.93 
58.35 


+  6.79  + 

+    .78  ,+ 

—  3.14  ;  + 
+  2.94  '  + 

—  8. 11  + 
+  4.52  + 

—  6.  12  + 

—  .58  + 


590.40 
590.40 
631.  50 
631.50 
19.20 
19.20 
14. 10 
14.10 


40. 10 
40. 10 
40. 10 
40.00 


2.92  +2,510.40  160.30 


+  2,667.78 
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Table  108. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period  and  the  corresponding  gain  or  loss,  metabolism 
experiments  Nos.  56-58  and  62-67 — Continued. 


Date. 


1903. 
May  9-10. . . 


End  of  period. 


Experiment  No.  57- 
Continued. 

7  a.  m.  to  10  a.  m. . 
10  a.  m.  to  1  p.  m. . 
1-p.  m.  to  4  p.  m. . . 
4  p.  m.  to  7  p.  m. . . 
7  p.  m.  to  10  p.  m. . 
10  p.  m.  to  1  a.  m. . 
1  a.  m.  to  4  a.  m. . . 
4  a.  m.  to  7  a.  m. . . 


Nov.  10. 


Nov.  10-11. 


Nov.  11-12. 


Nov.  12-1.3, 


1904. 
Jan.  26-27. 


Jan.  27-28. 


Carijon  dioxid. 


OX! 

03  a 


Grams. 
189. 13 
167.40 
210.  46 
62.  68 
61.  38 
33.  56 
.36.  39 
28.  79 


Total. 


Totai,  3  days. 

Preliminary  to  ex- 
periment No.  58. 


1  a.  m  

1  a.  m.  to  7  a.  m. 


Experiment  No.  58. 


7  a.  m.  to  1  p.  ni. 
1  p.  m.  to  7  p.  m. 
7  p.  m.  to  1  a.  m. 
1  a.  m.  to  7  a.  m. 


Total. 


7  a.  m.  to  1  p.  m. 
1  p.  m  to  7  p.  m  . 
7  p.  m  to  1  a.  m  . 
1  a.  m.  to  7  a.  m. 


Total. 


7  a.  m.  to  1  p.  m. 
1  p.  m.  to  7  p.  m. 
7  p.  m.  to  1  a.  m. 
1  a.  m.  to  7  a.  m. 


Total  

Total,  3  days . 

Preliminary  to  ex- 
periment No.  60. 


10  p.  m  

10  p.  m.  to  1  a.  m. 
1  a.  m.  to  4  a.  m. . 
4  a.  m.  to  7  a.  m. . 


Total. 


Experiment  No.  GO. 

7  a.  in.  to  10  a.  m. . . 
10  a.  m.  to  1  p.  m. .. 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

7  p.  in.  to  10  p.  m. . . 
10  p.  in.  to  1  a.  m. . . 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  


Total. 


Gram.1. 
+  160.98 

—  21.  73 
+  43.06 
—147.  78 

—  1.30 

—  27. 82 
+  2.83 

—  7.60 


.64 


—  10. 16 


37.  31 
85.80 


98.  46 
112.  78 
114.  23 

98. 04 


85. 02 
33.05 
73.  08 
26.  36 


90. 06 
47.80 
102.  78 
65.  47 


5. 86 
2.28 
1.  61 
1.87 


8. 10 
7.  40 
8.35 
15.  84 
12.  45 
11.  45 
7.  35 
9.62 


+  48.49 


Water. 


o  c  ^ 

gas 


Grams. 
64.  74 
66  37 
69.  57 
63.  96 
60.56 
62.  68 
59.09 
57.52 


+  12.66 
+  14.32 
4-  1.45 
—  16. 19 


+  12.24 


-  13.02 

-  51.97 
+  40.03 

-  46  72 


-  71.68 


+  63.70 

-  42.26 
+  54.98 

-  37.31 


+  39.11 


-  20.33 


-  3.58 

-  .67 
+  .26 


3.99 


6  23 
.70 
.95 
7.  49 
3.  .39 
1.00 
4. 10 
2. 27 


+    7. 75 


.38.70 
45. 05 


Grams. 
+  6  39 
+  1.63 
+  3.20 

—  5.  61 

—  .3.50 
+  2.22 

—  3.59 

—  1.57 


.83 


+  3.00 


51.66 
49.50 
48.  24 
50.15 


43.  78 
41.  40 
39.  76 
36  07 


34.01 

36  03 
35.  52 
35.  38 


33.  61 
30.82 
27.96 
25.73 


31.84 
29. 19 
30.  13 
28.88 
29.  74 
24.  29 
22.68 
21.  48 


+  6.35 


+  6  61 

—  2. 16 

—  1.26 
+  1.91 


5. 10 


6  37 


-  1.64 

-  3.69 


3o  ° 


°^ 
m  a 

.Q  3 
ca 

a  " 

g  a)  o 


Grams. 
756. 10 
756. 10 
445. 10 
445. 00 
6  20 
6.20 
4.  .30 
4.20 


+2,423.  20 


+  7,415.. 


-14.08 


-  2.06 
+  2.62 

-  1. 11 

-  .  14 


-  .69 


9.  67 


2.79 
2.86 
2. 23 


+  6  11 

-  2.65 
+  .94 

-  1.25 
+  .86 

-  5.45 

-  1.61 

-  1.20 

-  4.25 


Grams. 
31.00 
31.00 
30.90 
30.90 


Grams. 

I-  793. 49 

I-  788. 73 

I-  479. 20 

I-  470. 29 

t-  2.70 

I-  8.42 

1-  .71 

t-  2.63 


123.80  I  +2,546  17 


426  10  I  +7,844.90 


6.  35 


+  6  61 

—  2. 16 

—  1.26 
+  1.91 


5.10 


6.37 
2.38 
1.64 
3.69 


-     14.  C 


2. 06 
2.  62 
1.11 
.14 


9.67 


-  2.79 
2.86 
2.23 


-        7.  J 


+ 

6  11 

2.65 

+ 

.94 

1.25 

+ 

.86 

5.45 

1.61 

1.20 

4.  25 
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Table  108. — Comparison  of  residual  amoimts  of  carbon  dioxid  and  water  m  the  chamber 
at  the  beginning  and  end  of  each  period  and  the  corresponding  gain  or  loss,  metabolism 
experiments  Nos.  56-58  and  62-67 — tjoutinued. 


Carbon  dioxid. 


End  of  period. 


Experiment  No.  60- 
Continued. 

7  11.  m.  to  10  a.  m . . 
10  a.  m.  to  1  p.  Ill . . 
1  p.  m.  to  4  p.  m . . . 
4  p.  in.  to  7  p.  m. . . 
7  p.  m.  to  10  p.  ni.. 
10  p.  m.  to  1  a.  Ill- . 
1  a.  m.  to  4  a.  ni . . . 
4  a.  m.  to  7  a.  m. . . 


Total. 


7  a.  in.  to  10  a.  m. 
10  a.  m.  to  1  p.  in. 
1  p.  111.  to  4  p.  m.. 
4  p.  in.  to  7  p.  in. . 
7  p.  m.  to  10  p.  in. 
10  p.  ni.  to  1  a.  ni. 
1  a.  ni.  to  4  a.  ni. . 
4  a.  111.  to  7  a.  in. . 

Total  


Total.  ;i  days. 

Experiment  No.  61. 

7  :i.  in.  to  10  a.  m. . . 

10  a.  111.  to  1  p.  Ill  

1  p.  111.  to  4  p.  Ill  

4  p.  111.  to  7  p.  Ill  

7  p.  m.  to  10  p.m... 
10  p.  m.  to  1  a.  m. . . 

1  a.  m.  to  4  a.  m  

4  a.  ni.  to  7  a.  m  


Total. 


Preliminary  to  ex- 
periment No.  63. 

7  p.  m  

j  7  p.  in.  to  10  p.  111... 

\  10  p.  111.  to  1  a.  111. . . 

1  a.  III.  to  4  a.  Ill .  

4  a.  m.  to  7  a.  Ill  


0^ 


Grams. 
109.  S5 
179.  S8 
203.  71 
198.  18 
221.  80 
209.  75 
203.  63 
221.  71 


Total  

Experiment  No.  6. 

7  a.  m.  to  10  a.  in. 
10  a.  m.  to  1  p.  in. 
1  p.  m.  to  4  p.  in . . 
4  p.  in.  to  7  p.  in . . 
7  p.  m.  to  10  p.  in . 
10  p.  ni.  to  1  a.  in. 
1  a.  m.  to  4  a.  m. . 
4  a.  m.  to  7  a.  m. . 


Total. 


7  a.  m.  to  10  a.  m. 
10  a.  ni.  to  1  p.  m . 
1  p.  m.  to  4  p.  m.. 
4  p.  m.  to  7  p.  m.. 
7  p.  m.  to  10  p.  m . 
10  p.  m.  to  !  a.  m . 
1  a.  ni.  to  4  a.  m.. 
4  a.  in.  to  7  a.  m . . 


148. 77 
44.16 
79.  64 
39. 15 
84.08 
24.  57 
24.  48 
24.87 


157.  40 
117.  48 
104. 08 
51.20 
38.42 
32. 15 
32.  21 
29.50 


39.  51 
47. 74 
30.77 
28.62 
29.19 


156. 06 
95.  64 

129.  23 
80.  04 
48.  72 
35.94 
31.04 
28.64 


S 

o  b'g 
+  o  tie 


Grams. 
+  100.23 
+  70.03 
+  23.83 

-  5.53 
+  2.3.68 

-  12.11 

-  6. 12 
+  18.08 


+212. 09 


-  72.94 
-104.61 
+  35.48 

-  40.49 
+  44.93 

-  59.51 

-  .09 
+  .39 


-196.84 


+  23.00 


+132.53 

-  39.92 

-  13.40 

-  52.88 

-  12.78 

-  6.27 
+  .06 

-  2.71 


+  4.63 


8. 23 
16.97 
2. 15 
.57 


-  10.32 


+  126.87 
-60.42 
+  33.59 

-  49.19 

-  .31.32 

-  12.78 

-  4.90 

-  2.40 


154. 71 
93.63 

133.08 
85.06 
52.26 
a').  57 
31.73 
31.86 


Total. 


-  .55 


+  126.07 

-  61.08 
+  39.45 

-  18.02 

-  32.80 

-  16.69 

-  3.84 
+  .13 


Water. 


o  c  f-* 

S  S  6 


O 
Eh 


Grams. 
45. 72 
48.83 
51.43 
52.  70 
51.96 
51.78 
53.14 
55.69 


47.  72 
43.47 
46.  36 

44.  22 

45.  37 
42.  26 
38.  65 
37.48 


61.49 
61.  .52 
61.90 
56.  64 
51.98 
54.53 
49.08 
47.97 


-  o  be 


Grams. 
+24.24 
+  3.11 
+  2.60 
+  1.27 

-  .74 

-  .18 
+  1.36 
+  2.55 


+  34.21 


7. 97 
4.25 
2.89 
2.14 
1.15 
3.11 
3.  61 
1. 17 


^  o  +  . 

^     .H  10 


6  +-j'd 
Eh 


-18.  21 


+  11.75 


+24.01 
+  .03 
+    .  44 

-  a.  32 

-  4.66 
+  2.55 

-  4.85 

-  1.71 


Grams.      Grams.  Grams. 

  +  24.24 

 '   +  .3.11 

 i   +  2.60 

 I   +  1.27 

  -  .74 

  -  .18 

 I   +  1.36 

 I   +  2.55 

 j  1  +  34.21 

+     24.75  I   +  16.78 

+     24.75  '  I  +  20.50 

+     24.75  ;  I  +  27.64 

+     24.75  I  I  +  22.61 

  +  1.15 

  -  3.  11 

  -  3.61 

 I  -  1.17 

+     99.00  I  I  +  80.79 

+     99.00  I  I  +  110.75 


337.  70 

36. 70 

337.  60 

36.  70 

337.  60 

36.  70 

+ 

337.60 

36.  70 

+  10.49  1+1,350.50  146.80 


45.63 
45. 04 
53.  03 
48.01 
49.26 


-  .59 
+  7.99 

-  5.02 
+  1.25 


+  3.63 


65.76 
55.53 
60.63 
57.85 
52.25 
65. 25 
55.89 
55.59 


398.  41 
j74.  33 
374. 74 
368. 98 
4.66 
2.55 
4.85 
1.71 


+  1,507. 79 


.59 
7.99 
5.02 
1.25 


+       3. 63 


-  2.78 
-5.60 
+  13.00 

-  9.36 

-  .30 


+ 

502.  40 

28.10 

+ 

+ 

502.  40 

28.  10 

+ 

+ 

502.  40 

28.  10 

+ 

+ 

502.30 

28. 00 

+ 

+ 

547. 00 
520.  27 
635.  60 
527.  52 
5.60 
13.00 
9.36 
.30 


+  6.33  +2.009.50  '      112.30    +  2.128.13 


67.99 
63.05 
62.78 
60.  .35 
56.98 
61.31 
54.03 
50. 73 


+  12.40  +    391. ,30  ]       19.80  +  423.,50 

-  4.94  +    .391.30  I       19.70  +  406.06 

-  .27  +    .391.30         19.70  +  410.73 

-  2.43  1+    391.20         19.70  +  408.47 

-  3.37   -  3.37 

+  4.33   '   +  4.33 

-  7.28   -  7.28 

-  3.30  I   -  3.30 


3.22 


4.86  +1,565.10 


78.90  +1,039.14 


21482— No.  17o— 07  18 


274 


Table  108 — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period  and  the  corresponding  gain  or  loss,  metabolism 
experiments  Nos.  56-58  and  62-67 — Continued. 


Date. 

End  of  period. 

Carbon  dioxid. 

Water. 

g 

R  S 
2-= 

0  a 

oS  03 

_.a 

ca  0 

+^ 

0 

Gain  (+)  or  loss 
{—)  over  pre- 
ceding period. 

Total  amount  of 
vapor  remain- 
ing in  chamber. 

Gain  (+)  or  loss 
(— )   over  pre- 
ceding period. 

Change  in  weight 
of  absorbers. 
Gain    (+)  or 
loss  (-). 

Amount  absorb- 
ed   by  under- 
clothes. 

Total  amount 
gained  (+)  or 
lost  (— )  during 
the  period. 

1904. 
.'^pr.  1.8-19.. 

Apr.  19-20.. 
Apr.  20-21. - 
Apr.  21-22.. 

Apr.  22-2;!.. 

Experiment  No.  62 — 
Continued. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

1  p.  m.  to  4  p.  m  

4  p.  ni.  to  7  p.  m  

7  p.  ni.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

1  a.  m.  to  4  a.  ni  

larams. 
158.77 
114.23 
1.51.21 
92.70 
65.03 
39.63 
40.76 
34.. 53 

Grams. 
+  126.91 

-  44.54 
+  36.98 

-  58.  .51 

-  27.67 

-  25.40 
+  1.13 

-  6.23 

Grams. 
67.03 
63. 44 
64.77 
62.14 
57. 23 
57.74 
58.74 
57.29 

Grams. 
+  16.30 

-  3.. 59 
+  1..33 

-  2.63 

-  4.91 
+  .51 
+  1.00 

-  1.45 

Grams. 
4-    572. 40 
+  572.40 
+  .572.40 
+  .572.30 

Grams. 
24.70 
24.70 
24.70 
24.70 

Grams. 
+  613.40 
+  .593.51 
+    598. 43 
+  594.37 

-  4.91 
+  .51 
+  1.00 

-  1.45 

4  a.  m.  to  7  a.  m  

Total  

+  2.67 

+  6.56 

+2,289.50 

98.80 

+2,394.86 

Total,  3  days 

+  5.34 

+  8.03 

+5,864.10 

290.00 

+6, 162. 13 

Experiment  No.  63. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

)  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

1  a.  m.  to  4  a.  m  

161.75 
94.79 

128.09 
66.20 
46.36 
34.89 
32.01 
30. 17 

+  127.22 

-  66.96 
+  33.30 

-  61.89 

-  19.84 

-  11.47 

-  2.88 

-  1.84 

70.91 
65.88 
63.23 
60. 38 
58.16 
60.12 
58.69 
61.00 

+13.62 

-  5.03 

-  2.65 

-  2.85 

-  2.22 
+  1.96 

-  1.43 
+  2.31 

+    618. 10 
+    618. 00 
+  618.00 
+  618.00 

38.10 
38.00 
38.00 
38.00 

+    669. 12 
+    650. 97 
+  653.35 
+    653. 15 
—       2. 22 
+  1.96 
1.43 
+  2.31 

4  a.  m.  to  7  a.  m  

Total  

-  4.36 

+  3.71 

+2, 472. 10 

152. 10 

+2,627.91 

7  a.  m.  to  10  a.  m.  . .. 

10  a.  m.  to  1  p.  m  

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

1  a.  m.  to  4  a.  m  

148. 08 
95. 15 

116.31 
71.15 
44.95 
37.92 
27. 10 
32.94 

+  117.91 

-  52.93 
+  21.16 

-  45.16 

-  26.20 

-  7.03 

-  10.82 
+  5.84 

71.63 
63.16 
63. 24 
62. 14 
,57.57 
61.36 
.55. 51 
62.65 

+  10.63 

-  8.47 
+  .08 

-  1.10 

-  4.57 
+  3.79 

-  5.85 
+  7.14 

+  495.00 
+  .  495.00 
+  495.00 
+    494. 90 

45.70 
45. 70 
45.70 
45.60 

+  551.33 
+  .532.23 
+    540. 78 
+  539.40 
4.57 
+  3.79 
-  5.85 
+  7.14 

4  a.  m.  to  7  a.  m  

Total  

+  2.7' 

+  1.65 

+  1.979.90 

182. 70 

+2, 164.25 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

1  p.  m.  to  4  p.  m  

4  p.  ni.  to  7  p.  m  

7  p.  m.  to  10  p.  m ..  . . 
10  p.  in.  to  1  a.  m . . . 

1  a.  m.  to  4  a.  in  

4  a.  m.  to  7  a.  m  

136.81 
87.19 

120.98 
69. 44 
45.29 
.35. 99 
38. 13 
30. 95 

+  103.87 

-  49.62 
+  33 . 79 

-  51.54 

-  24.15 

-  9.30 
+  2.14 

-  7.18 

70.14 
65. 42 
65.68 
61.29 
56.80 
61.23 
55.77 
52.44 

+  7.49 

-  4.72 
+  .26 

-  4.39 

-  4.49 
+  4.43 

-  5.46 

-  3.33 

+  .541.90 
+  .541.90 
+  541.80 
+  541.80 

44. 50 
44.. 50 
44.50 
44.50 

+  593.89 
+  581.68 
+  586.56 
+  581.91 

-  4.49 
+  4.43 

-  5.46 
3.33 

Total  

-  1.99 

-10.21 

+2, 167.40 

178.00 

+2, 335. 19 

Total,  3  days 

-  3.58 

-  4.85 

+  6,619.40 

512. 80 

+7,127.35 

Experiment  No.  64.. 

7  a.  m..to  10  a.  m  

10  a.  m.  to  1  p.  m  

1  p.  ni.  to  4  p.  m  

4  p.  in.  to  7  p.  in  

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  in  

1  a.  in.  to  4  a.  m  

4  a.  ni.  to  7  a.  m  

Total  

157.42 
91.95 

131.11 
90.13 

137.85 
66. 63 
61.67 
33.64 

+126.47 

-  65.47 
+  39.16 

-  40.98 
+  47.72 

-  71.22 

-  4. 96 

-  28.03 

70.03 
66.77 
69.55 
63.77 
71.49 
65.  .53 
61.40 
60.39 

+  17.59 

-  3.26 
+  2.78 

-  5.78 
+  7.72 

-  5.96 

-  4.13 

-  1.01 

+    622. 80 
+    622. 80 
+  622.80 
+    622. 80 
+    622. 80 
+    622. 80 
+  622.80 

13.20 
13.20 
13.20 
13.20 
13.20 
13.10 
13.10 

+    653.  .59 
+    632. 74 
+    638. 78 
+  630.22 
+    643. 72 
+    629. 94 
+  031.77 
-  1.01 

+  2.69 

+  7.95 

+4,359.60 

92.20  1  +4,459.75 
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Table  108. — Comparisoii  of  residual  aniounts  of  rarhon  dioxid  and  iratcr  in  the  vhainher 
at  the  bcginnimj  and  end  of  each  period  ami  the  corresponding  gain  or  loss,  metabolism 
experiments  Nos.  56-58  and  62-67 — C'ontiiuied. 


End  of  period. 


Carbon  dioxid. 


"  J, 

5?  S  • 


^>  p. 

+  o  tao 


Wa„er. 


°  a  s 

SB6 

n  F  =3 
a  .  a 


Eh 


bir-,  : 


+  0  to 


=3  w 
bo    .5  tn 


-9  3 


Experiment  No.  65. 

7  a.  ni.  to  10  a.  m . . . 
10  :i.  111.  to  1  p.  m. .. 
1  p.  111.  to  4  p.  m  


■1  1).  111.  to 
7  ]<. 

Id): 

1  a. 


p.  m 

111  HI  p.  r 
,  111  1  a.  n 
I'l  4  11.  Ill 


4  a.  111.  to  7  a.  ni. 
Total  


Grams. 
37.60 
32.09 
38.48 
33.37 
41.06 
42.51 
33.17 
29.48 


Grams. 

+  3.96 

-  r>.5i 

+  6.39 

-  5.11 
+  8.29 
+  .S^ 

-  9.34 

-  3.69 


Grams 
63.03 
5.5.92 
60. 23 
54.74 
55.10 
58. 82 
56.55 
51.66 


Grams. 
+  2.64 

-  7.11 
+  4.. 31 

-  5.49 
+  .36 
+  3.72 

-  2.27 

-  4.89 


Grams. 

-  19.90 

-  19.90 

-  19.90 

-  19.90 

-  19.90 

-  19.90 

-  19.80 

-  19.80 


Grams. 


-  4.16 


-  8.73 


-159.00 


E.Tperimcnt  No.  66. 


7  a.  III.  to  10  a.  m . 
10  a.  III.  to  1  ]).  m  . . 
1  p.  m.  to  4  p.  ni . . . 
4  p.  m.  to  7  p.  Ill . . . 
7  p.  m.  to  10  ]).  Ill . . 
10  p.  m.  to  1  a.  in  . . 
1  a.  m.  to  4a.m... 
4  a.  m.  to  7  a.  m . . . 


44.85 
43. 35 
42.50 
46.93 
40.98 
37.02 
30.28 
36.93 


15.. 37 
1.50 
.85 
4.43 
5. 95 
3.96 
6.74 
0. 65 


52. 46 
50.71 
47.  48 
46. 99 
47.46 
47.. ')2 
48.44 
46.14 


+  .80 

-  1.75 

-  3.23 

-  .49 
+  .47 
+  .06 
+  .92 

-  2.30 


22.10 
22.10 
22.10 
22. 10 
22. 10 
22.10 
22.10 
22.10 


Total. 


.45 


-  5.52 


-176.80 


E.rperimertl  No.  67. 


7  a.  111.  to  10  a.  iii.. 
10  a.  ni.  to  1  J),  m. . 
1  p.  ill.  to  4  p.  m... 
4  p.  m.  to  7  p.  in . . . 
7  p.  m.  to  10  p.  m . . 
10  p.  111.  to  1  a.  in , . 

1  a.  ni.  to  4  a.  m  

4  a.  m.  to  7  a.  m . . . 


64.07 
51.74 
56. 86 
52.17 
44.77 
45.14 
34.. 57 
36.77 


27.14 
12.33 
5.12 
4.69 
7.40 
.37 
10.57 
2.20 


49.59 
50.39 
50. 40 
18.31 
44.70 
49.. 52 
48.25 
45.48 


4-  3.45 
4-  .80 
+  .01 

-  2.09 

-  3.61 
+  4.82 

-  1.27 

-  2.77 


Total . 


-  .16 


7  a.  III.  to  10  n.  m . . . 
10  a.  m.  to  1  p.  m . . . 

1  p.  ni.  to  4  p.  in  

4  p.  ni.  to  7  p.  m  

7  p.  m.  to  10  p.  ni . . . 
10  p.  ni.  to  1  a.  ni . . . 

1  a.  m.  to  4  a.  m  

4  a.  in.  to  7  a.  m  ... . 


Total  

Total,  2  day.s. 


68.68 
62.89 
72.10 
63.65 
54.83 
53.51 
42.89 
43.73 


31.91 
5.79 
9.21 
8.45 
8.82 
1.32 

10.62 


47.  .56 
47.73 
.51.22 
46. 20 
46.87 
47.95 
47.21 
44.64 


2.08 
.17 

3.49 

5.02 
.67 

1.08 
.74 

2.57 


-  14.50 

-  M..50 

-  '14.50 

-  11.50 

-  14.. 50 

-  14.50 

-  14.50 

-  14.  .50 

-116.00 


4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.30 
4.30 


+  6.96 


.84 


35.00 


+  6.80 


1.50 


-151.00 


Grams. 

-  17.26 

-  27.01 

-  15.59 

-  25.39 

-  19.54 

-  16.18 

-  22.07 

-  24.69 


-167.73 


21.30 
23.85 
25.. 33 
22.59 
21.63 
22.04 
21. 18 
24.40 


-182.32 


11.05 
13.70 
14.49 
16.59 
18.11 
9. 08 
15.77 
17.27 


-116.66 


2.32 
4.23 
.91 
9.42 
3.73 
3.32 
5.04 
6.87 

35.84 


-152.50 
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Table  109. — Record  of  carbon  dioxid  in  ventilating  air  current,  metabolism  expeiiments 

Nos.  56-58  and  60-67. 


Date. 

Period. 

Carbon  dioxid. 

(/) 

Carbon 
in  carbon 

dioxid 
exhaled. 

(a) 

Amount 
in 

chamber 
at  end  of 
period. 

(6) 
Gain  (+) 

or 
loss  (— ) 
over  pre- 
ceding 
period. 

(c) 

Amount 
absorbed 

from 
outcoming 
air. 

id) 
Corrected 

weight 
exhaled  by 
subject, 
6+c. 

(e) 

Volume 
exhaled  by 

subject, 
dX  0.5091. 

1903. 
Apr.  27  

Preliminary  to  experi- 
ment No.  56. 

1  a.  m  

Grams. 
37. 25 
42.55 

Grams. 

Grams. 

Grams. 

Liters. 

Grams. 

Apr.  27-28. . 
Apr.  28-29.. 

Apr.  29-30. . 
May  7  

1  a.  m.  to  7  a.  m  

Experiment  No.  56. 

7  a.  m.  to  1  p.  m  

1  p.  m.  to  7  p.  m  

7  p.  m.  to  1  a.  m  

1  a.  m.  to  7  a.  m  

Total,  1  day. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours. . . 

1  p.  ni.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6 hours.  . . 

7  p.  m.  to  ro  p.  m  

10  p.  m.  to  1  a.  m  

Total,  C  hours. 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  1  day 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  prm  

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  G  hours 

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total,  (i  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  in  

Total  (i  hours 

Total,  1  day  

Total,  3  days 

Preliminary  to  experi- 
ment No.  57. 

1  a.  m  

+  5.30 

158. 52 

163. 82 

83.40 

44.68 

142. 38 
117. 28 
48. 38 
40. 53 

+  99.83 

-  25.10 

-  68.90 

-  7.85 

593. 87 
705. 97 
306. 66 
171. 13 

693. 70 
080. 87 
237. 76 
163. 28 

353. 16 
346.  C3 
121.04 
83. 13 

189. 19 
185. 69 
64. 84 
44.53 

—  2.02 

1,777.  63 

1,775.61 

903. 96 

AQA  Ot; 
'io't.  ZD 

169. 09 
151.04 

+  128. 56 
-  18.05 

215. 00 
428.  77 

343. 56 
410. 72 

174. 91 
209. 10 

yo.  /u 
112. 01 

+  110.51 

643. 77 

754. 28 

384.01 

Of\K  71 

170. 73 
91.04 

+  19.69 
-  79.69 

340. 93 
373. 25 

360. 62 
293. 56 

183.59 
149.  45 

yo.  oO 

80. 06 

-  60.00 

714. 18 

654. 18 

333. 04 

1  7fl  <11 

53. 18 
41.87 

-  37.86 

-  11.31 

174. 00 
114. 79 

136. 14 
103.  48 

69. 31 

52  68 

37. 13 
28. 22 

-  49.17 

288.79 

239.  62 

121.99 

e5.35 

33.61 
38.15 

-    8. 26 
+  4.54 

95.45 
73.75 

87. 19 
78.29 

44.39 
39.86 

23. 78 
21.35 

-  3.72 

169. 20 

165.  48 

84. 25 

45. 13 

-  2.38 

1,815. 94 

1,813.56 

923. 29 

AO  A  fin 

158. 16 
85. 23 

+  120. 01 
-  72.93 

223. 99 
347. 13 

344. 00 
274.  20 

17.5.  13 

139.  eo 

93. 81 
74. 79 

+  47.08 

571. 12 

618.  20 

314.  73 

168.  CO 

171. 02 
105. 73 

+  85.79 
-  65.29 

282.  40 
381.  21 

368. 19 
315. 92 

187. 45 
160. 83 

inn  Ai 
86. 16 

+  20.50 

663. 61 

684. 11 

348. 28 

loD.  Ol 

56. 24 
44.96 

-  49.49 

-  11.28 

179. 05 
114. 50 

129.  56 
103. 22 

65. 96 
.      52. 55 

35. 33 
28. 15 

-  60.77 

293. 55 

232. 78 

118.51 

63.48 

39. 90 
35.49 

-  5.06 

—  4. 41 

93. 37 
78.  42 

88.  31 
74. 01 

44.96 
37. 68 

24.08 
20. 18 

-  9.47 

171. 79 

162. 32 

82. 64 

44. 26 

-  2.66 

1, 700. 07 

1, 697.  41 

864. 16 

462. 91 

-  7.06 

5,293.64 

5,286.58 

2, 691.  41 

1,441.76 

42. 37 
41.75 
38.95 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours. 

-  .62 

-  2.80 

90.  44 
94.  47 

89.82 
91.67 

45. 73 
46.67 

24.50 
25.00 

-  3.42 

184. 91 

181.  49           92.  40 

49.50 
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Table  109. — Record  of  carbon  dioxid  in  ventilating  air  current,  metabolism  experiments 
Nos.  56-58  and  60-67 — Continued. 


DatR. 

Period. 

Carbon  dioxid. 

(J) 
Carbon 
in carbon 
dioxid 

(a) 

Amount 
in 

chamber 
at  end  of 
period. 

(6) 
Gain  (+) 

or 
loss  (— ) 
over  pre- 
ceding 
period. 

(c) 
Amount 
absorbed 

from 
outcoming 
air. 

id) 
Corrected 

weight 
exhaled  by 
subject, 
6+c. 

(e) 

Volume 
exhaled  by 

subject, 
dXO.5091. 

1  o; 

May  .-S  ... 
May  8-9  .  , . 
May  9-10  . . 

Experiment  No.  57. 

7  a.  m.  to  10  a.  m  

10  a.  ni.  to  1  p.  m  

Total,  f)  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

7  p.  m.  to  10  p.  m  

10  p.  m  to  1  a.  m  

Total,  ()  hours 

1  a.  111.  to  4  a.  m  

4  a.  m.  to  7  a.  ni  

Total,  C  hours 

Total,  1  day 

7  a  m.  to  10  a.  m 

10  a.  m.  to  1  p.  m  

Total,  6  hours 

1  p.  ra.  to  4  p.  Ill  

4  p.  m.  to  7  p.  ni  

Total,  G  hours 

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total,  (i  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  a  hours 

Total,  1  day 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  ni  

Total,  (i  hours 

1  p.  m.  to  4  p.  in  

4  p.  m.  to  7  p.  m  

Total,  6  hours 

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total,  fi  hours 

1  a.  m.  to  4  a.  in  

4  a.  m.  to  7  a.  m  

Total,  (i  hours 

Total,  1  day 

Grams. 
142.22 
135.80 

Grams. 
+  103. 27 
-  6.42 



Grams. 
283. 64 
471. 85 

Grams. 
386.91 
465. 43 

Liters. 
196. 98 
236.95 

Grams. 
10.3.  52 
126.  94 

+  96.85 

755.49 

852.34 

342. 51 
439. 07 

433. 93 

232.  46 

158.88 
114.45 

+  23.08 
-  44.43 

319.  43 
483.50 

174. 37 
223. 53 

93.  41 
119.  75 

-  21.35 

802.93 

781.58 

397.90 

213. 16 

75. 76 
86.59 

-  38.69 
+  10.83 

203. 86 
105. 07 

165. 17 
115.90 

84.09 
59.00 

45. 05 
31.61 

-  27.86 

308. 93 

281. 07 

143.09 

76.66 

56.42 
50.94 

-  30.17 

-  5.48 

117.85 
95.69 

87.68 
90. 21 

44. 64 
45.«93 

23. 91 
24.60 

-  35.65 

213. 54 

177. 89 

90.57 

48. 51 

+  11.99 

2,080.89 

2, 092. 88 

1,065.49 

570.  79 

170.  44 
92.79 

+  119.50 
-  77.65 

211.90 
469. 59 

331.  40 
391. 94 

168.  72 
199. 54 

90.  38 
lot).  89 

+  41.85 

681.  49 

723. 34 

368.  26 

197. 27 

150.35 
107. 06 

+  57.56 
-  43.29 

304.96 
465.46 

362.52 
422. 17 

184. 56 
214. 93 

98. 87 
115. 14 

+  14.27 

770.42 

784.  69 

399.49 

214.01 

49. 77 
37.98 

-  57.29 

-  11.79 

223. 87 
151.  47 

166.  58 
139.68 

84.81 
71.  U 

45.  43 
38.09 

-  69.08 

375. 34 

306.26 

155. 92 

83.52 

23.98 
28. 15 

-  14.00 
+    4. 17 

98.63 
85. 71 

84.63 
89.88 

43.09 
45.76 

23.08 
24.51 

-  9.83 

184. 34 

174. 51 

88.85 

47.59 

-  22.79 

2,011.59 

1,988.80 

1,012.52 

542  39 

189. 13 
167.  40 

+  160.98 
-  21.73 

257.  36 
512. 56 

418.  34 
490.83 

212.  97 
249.88 

114.09 
133.86 

+  139.25 

769. 92 

909. 17 

462.85 

247. 95 

210.  46 
62.68 

+  43.06 
-147. 78 

354. 10 
349. 19 

397. 16 
201.  41 

202. 19 
102. 54 

108.  32 
54. 93 

163. 25 

-104.72 

703.29 

598.  57 

304.  73 

61.38 
33.56 

-  1.30 

-  27.82 

167.80 
1.32. 52 

166.  50 
104. 70 

84.77 
53.30 

45.  41 

28.55 

-  29. 12 

300.32 

271.20 

138.07 

73.96 

36.39 
28.79 

+  2.83 
-  7.60 

83.42 
95.42 

86.25 
87.82 

43. 91 
44.71 

23.52 
23.95 

-  4.77 

178. 84 

174. 07 

88.62 

47.47 

+  .64 

1,952.37 

1,953.01 

994.27 

532. 63 

Total,  3  days 

-  10.16 

6,044.85 

6,034.69 

3, 072.  28 

1,645.  81 
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Table  109. — Record  of  carbon  dioxid  in  ventilating  air  current,  metabolism  experiments 
Nos.  56-58  and  60-67— Continued. 


Date. 

Period. 

Carbon  dioxid. 

(/) 
Carbon 
in  earl  ion 

exhaled, 
dXf  1. 

(o) 
Amount 
in 

chamber 
at  end  of 
period. 

(b) 
Gain  (+) 

loss  (— ) 
over  pre- 
ceding 
period. 

(c) 

Amount 
absorbed 

from 
outcoming 
air. 

(d) 

Corrected 
weight 

exhaled  by 
subject, 
b+c. 

(e) 

Volume 
exhaled  by 
subject, " 
dXO.5091. 

1903. 
Nov.  10. . . . 

Nov.  10-11. 
Nov.  11-12. 
Nov.  12-13. 

1904. 
Jan.  26-27. . 

Jan.  27-28. . 
Jan.  28-29. . 

Preliminary  to  experi- 
ment No.  58. 

1  a.  m  

Grams. 
37.31 
85.80 

Grams. 

Grams. 

Grams. 

Liters. 

Grams. 

1  a.  m.  to  7  a.  m  

Experiment  No.  58. 

7  a.  m.  to  1  p.  m  

1  p.  m.  to  7  p.  m  

7  p.  m.  to  1  a.  m  

1  a.  m.  to  7  a.  m  

Total,  1  day 

7  a.  m.  to  1  p.  m  

1  p.  m.  to  7  p.  m  

7  p.  m.  to  1  a.  m  

1  a.  m.  to  7  a.  m  

Total,  1  day 

7  a.  m.  to  1  p.  m  

1  p.  m.  to  7  p.  m  

7  p.  m.  to  1  a.  m  

1  a.  m.  to  7  a.  m  

Total,  1  day 

Total,  3  davs 

Preliminary  to  experi- 
ment No.  60. 

10  p.  m  

+  48.49 

69.34 

117. 83 

59.99 

32. 14 

98.  46 
112.  78 
114.23 

98. 04 

4-  12. 66 
-1-  14.32 
+    1. 45 
-  16.19 

120. 12 
172.  73 
166. 92 
156.06 

132.  78 
187. 05 
168.  37 
139. 87 

67. 60 
95.23 
85. 72 
71. 21 

36. 21 
51.01 
45.92 
38. 15 

+  12.24 

615. 83 

628. 07 

319.  76 

171. 29 

85. 02 
33. 05 
73. 08 
26.  36 

-  13.02 

-  51.97 
-1-  40. 03 

-  46.72 

173.  56 
231.  44 
127.  97 
183. 25 

160.  54 
179.  47 
168. 00 
136.  53 

81.  73 
91.  37 
85.  53 
69.51 

43.  79 
48.95 
45. 82 
37.24 

-  71.68 

716. 22 

644.  54 

328. 14 

175.  80 

90. 06 
47.80 
102.  78 
65.47 

+  63.70 

  42  26 

-1-  54.  98 
-  37.31 

120.44 
248  67 
116.  56 
181.  49 

184. 14 
206  41 
171.  54 
144. 18 

93. 75 
105  08 
87.  33 
73.40 

50.22 
56. 29 
46.78 
39.32 

-1-  39.11 

667. 16 

706. 27 

359.  56 

192. 61 

-  20.33 

1,999.21 

1,978.88 

1,007.46 

539.  70 

5. 86 

30  p.  ra.  to  1  a.  m  

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  Shours 

Experiment  No.  60. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6  hours 

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total.  6  hours 

Total,  1  day 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours 

2.28 
1.  61 
1.87 

-  3.58 

—  .  67 
+  .26 

47.94 
60. 87 
61.48 

44.36 
60. 20 
61.74 

22.58 
30.  65 
31.43 

12. 10 
16.  42 
16. 84 

—    3. 99 

170. 29 

166.  30 

84. 66 

45.  36 

8.10 
7.40 

+  6.23 
-  .70 

120.  55 
98. 18 

126.  78 
97.  48 

64.  54 
49. 63 

34  58 
20;59 

-1-  5.53 

218.  73 

224. 26 

114. 17 

61. 17 

8.  35 
15.84 

-H  .95 
+  7.49 

106.00 
91. 23 

106. 95 
98. 72 

54.45 
50.  26 

29. 17 
26.92 

+  8.44 

197. 23 

205. 67  !        104.  71 

56. 09 

12. 45    -    3. 39 
11. 45    -  1.00 

122. 98 
85.45 

119.  59 
84.  45 

60.89 
42.99 

32.62 
23.03 

 :  -  4.39 

208.  43 

204. 04          103. 88 

55. 65 

7.35 
9.62 

-  4.10 
+  2.27 

67.96 
70.58 

63. 86 
72. 85 

32.51 
37.08 

17  42 
19.87 

 1  -  1.83 

138.54 

136.71  69.59 

37.29 

-t-  7.75 

762. 93 

770.68 

392.  35 

210.  20 

109.  85 
179.88 

-HlOO.  23 
+  70.03 

24.  69  j        124. 92 
32. 68          102.  71 

63.59 
52.28 

34. 06 
28.01 

-1-170.26 

57.  37  1        227. 63 

115.87 

52. 07 
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Table  109. — Record  of  carbon  dioxid  in  rentilating  air  current,  vietabolisv}  experiments 
Nos.  56-58  and  60-67— Continued. 


Period. 


Experiment  No.  60 — 
Continued. 


1  p.  ni.  to  4  p.  111. 
4  p.  m.  to  7  p.  m. 


Carbon  dioxid. 


(6) 
Gain  (  +  ) 


(a) 
Amoimt 

chamber  ilfi^-) 
at  end  ofiOJ^^P^^- 


Total,  (i hours. . 

7  p.  m.  to  10  p.  Ill  

10  p.  m.  to  1  ii.  Ill  

Total, ti  hours.. 


Grams.  I  Grams. 
203.71  '  +  2:i.83 
198. 18  I  -    5.  53 


+  18.30 


1  a.  III.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  0  hours. 


221.  86 
209.75 


+  23.68 
-  12.11 


+  11.57 


(c) 
^.mount 
absorbed 

from 
outcoming 


Grams. 
84.  73 
105. 02 


189.  75 


103.20 
83. 04 


186.  24 


203.63 
221.71 


-  6. 12 
+  18.08 


70.29 
45.69 


+  11.96 


115.  98 


Total,  1  day  '  I  +212.09 


7  a.  m.  to  10  a.  m. 
10  a.  m.  to  1  p.  m. 


Total, 6  hours. 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


Total,  6  hours. 


7  p.  m.  to  10  p.  m. 
10  p.  in.  to  1  a.  in. 


Total,  6  hours. 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  t)  hours. 

Total,  1  day... 

Total,  3  days.. 

Experiment  No.  81. 

7 -a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  


Total,  6  hours. 


1  p.  m.  to  4  p.  m. 
4  p.  111.  to  7  p.  m. 


Total,  6  hours. 


7  p.  m.  to  10  p.  m. 
10  p.  in.  to  1  a.  m. 


Total.  0  hours. 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours. 
Total,  1  day  


148.77  I  -  72.94 
44. 16  :  -104.  61 


79.64 
39.15 


84.08 
24.57 


24.48 
24.87 


157  40 
117.  48 


104. 08 
51.20 


38.42 
32.15 


32.21 


177.55 


+  35.48 
-  40.49 


-  5.01 


+  44.93 
-  59.51 


-  14.58 


.09 
.39 


.30 


-196. 84 


+  23.00 


+  1.32.53 
-  39.92 


+  92.61 


-  13.40 

-  52.88 


-  66.28 


-  12.78 

-  6.27 


-  19.05 


.06 
2.  71 


2.65 


+    4. 63 


549.  34 


191.  44 
220.  85 


412.29 


78.22 
164.01 


73.90 
142. 10 


64.95 
69.15 


134.10 


1,004.  02 


2, 316.89 


231. 19 
4.36.  43 


667.  62 


264. 01 


544.  85 


130.74 
95.99 


226.  73 


82.  48 
73.  32 


155.80 


1,595.00 


id) 

Corrected 
weight, 
exhaled  by 
subject, 
b+c. 


Grams. 
108.56 
99.  49 


208. 05 


126.88 
70.93 


197. 81 


64.17 
63.77 


127. 94 


(e) 

Volume 
exhaled  by 

subject 
(iXO.5091. 


Liters. 
55.26 
50.  65 


10.5.  91 


64.59 
36. 10 


100.69 


32.66 
32.46 


65.12 


761.  43 


118.50 
116.24 


234. 74 


113.70 
123.  52 


237.  22 


118.83 
82.59 


201.42 


64.86 
69.54 


134.40 


807.78 


2,339. 89 


,363.  72 
.396.  51 


760. 23 


267.  44 
211. 13 


478.  57 


117.  96 
89.72 


207.68 


82.  54 
70.61 


153. 15 


1,599.63 


387.  59 


60.33 
59.18 


119.51 


57.88 
62.88 


120.  76 


42. 04 


102.  52 


3.3. 04 
35.40 


411.23 


1,191. 17 


185. 18 
201.85 


387. 03 


136. 13 
107.  49 


24.3.  62 


60.06 
45.68 


10.5. 74 


42.02 
35.95 


77.97 


814.36 


(/) 
Carbon 
in  carbon 
dioxid 
exhaled. 


280 

Table  109. — Record  of  carbon  dioxid  in  ventilating  air  current,  metabolism  experiments 
Nos.  56-58  and  60-67— Continued. 


Date. 

Period. 

Carbon  dioxid. 

(/) 

Carbon 
in carbon 

dioxid 
exhaled, 

dXj\. 

(0) 

Amount 
in 

chamber 
at  end  of 
period. 

(6) 
Gain  (+) 

or 
loss  (— ) 
over  pre- 
ceding 
period. 

(c) 
Amount 
absorbed 

from 
outcoming 
air. 

id) 

Corrected 
weight 

exhaled  by 
subject, 
b+c. 

(e) 

Voluine 
exhaled  by 
subject, 
aX0.50yl. 

1904. 
Apr.  15-10. 

Apr.  16-17. 
Apr.  17-18. 
Apr.  18-19. 

Preliminary  to  experi- 
ment No.  62. 

7  p.  m  

Grams. 
39.  51 

Grams. 

Grams. 

Grams. 

Liters. 

Grams. 

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  12  hours 

Experiment  No.  62. 

10  a.  m.  to  1  p.  m  

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total,  6  hours. . 

1  a.  m.  to  4  a.  m  ' 

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6  hours 

7  p.  m.  to  10  p.  in  

10  p.  m.  to  1  a.  m  

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  in.  to  7  a.  m  

Total,  6  hours 

Total,  1  day 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  in.  to  7  p.  m  

Total,  6  hours 

47.  74 

30!  77 

+  8.23 
—  16.97 

142. 27 
119.72 

150. 50 
102!  75 

76. 62 
52!  31 

41.05 
28. 02 

—    8. 74 

261. 99 

253. 25 

128. 93 

69.07 

28. 62 
29!  19 

-  2.15 
-1-     .  57 

69. 27 
79.35 

67  12 
79.92 

34. 17 
40!  69 

18.31 
21.80 

—  1.58 

148. 62 

147. 04 

74.86 

40.11 

—  10.32 

410.  61 

400. 29 

203. 79 

109. 18 

156. 06 
95.  64 

-1-126.  87 
—  60.  42 

210. 64 
372. 08 

337.51 
311. 66 

171. 83 
158. 67 

92. 05 
85. 00 

+  66.45 

582.72 

649. 17 

330. 50 

177. 05 

129. 23 
80. 04 

-1-  33.59 
—  49. 19 

286. 02 
372.  93 

319. 61 
323. 74 

162. 71 
164. 82 

87. 16 
88.29 

-  15.60 

658. 95 

643. 35 

327.  53 

175.  45 

48.  72 
35^94 

-  31.32 

—  12.  78 

145. 25 
127. 26 

113. 93 
114.'  48 

58. 00 
58!  28 

31.07 
31. 22 

-  44. 10 

272. 51 

228. 41 

116. 28 

62. 29 

31. 04 

28!  64 

-  4.90 
_    2. 40 

99.29 
83. 02 

94. 39 
80^62 

48. 05 
41!  04 

25.75 
21.98 

—    7. 30 

182.  31 

175. 01 

89. 09 

47.73 

-  .55 

1,696.49 

1  fiQ"!  Q4 
X ,  wo.  tJ'± 

863. 40 

462.  52 

154. 71 
93. 63 

+126. 07 
—  61 . 08 

216. 23 
393. 98 

342. 30 
332. 90 

174.  26 
169.  48 

93.36 
90.80 

+  64.99 

610. 21 

675. 20 

343. 74 

184. 16 

1.33. 08 

00.  UD 

-1-  .39.45 
-  48.02 

282. 85 
362.  76 

322.  SO 
314  74 

164. 08 
160  23 

87.90 
85.84 

-  8.57 

645.  61 

637. 04 

324  31 

173. 74 

52  26 
35!  57 

-  32.80 

-  16.69 

171. 72 
124.  49 

138. 92 
107!  80 

70.  72 
5188 

37.89 
29.40 

-  49.49 

296. 21 

246.  72 

125.  60 

67.29 

31  73 
31!  86 

-  3.84 
+  .13 

85.67 
83.50 

81. 83 
83!  63 

41.  66 
42!  58 

22.  .32 
22. 81 

-  3.71 

169. 17 

165.  46 

84. 24 

45.13 

-1-  3.22 

^1,721.20 

1,724.  42 

877. 89 

470.  32 

158.  77 
114. 23 

-1-120. 91 
-  44.54 

203.90 
371.  36 

330.  81 
326.  82 

168.42 
166.38 

90.24 
89. 14 

+  82.37 

575. 26 

657.  63 

334.80 

179.38 

151.21 
d2.70 

-1-  36.98 
-  58.51 

298.90 
350. 85 

335.88 
292.  34 

171.00 
148.83 

91.60 
79.72 

-  21.53 

649.  75 

628.22 

319. 83 

171.32 
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Table  109. —  Record  of  carbon  dioxid  in  ventilating  air  current,  metabolism  experiments 
Nos.  56-58  and  60-67— Continued. 


Date. 

Period. 

Carbon  dioxid. 

(/) 

Carbon 
in  carbon 

dioxid 
exhaled, 

(a) 

Amount 
in 

chamber 
at  end  of 
period. 

(6) 
Gain  (+) 

or 
loss  (— ) 
over  pre- 
ceding 
period. 

(c) 
Amount 
absorbed 

from 
outcoining 
air. 

(.d) 
Corrected 

weight 
exhaled  by 
subject, 
b+c. 

(e) 

Volume 
exhaled  by 
subject, 
dX  0.5091. 

1904. 
Apr.  18-19. 

Apr.  19-20.. 
Apr.20-21.. 
Apr.21-22.. 

Experimenl  No.  62— 
Continued. 

7  p.  m.  to  10  p.  m    .  . 
10  p.  m.  to  1  a.  m  

Total,  6  hours 

1  a.  in.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total.  1  day 

Total,  3  days  . 

Experimenl  No.  63. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

1  p.  m.  to  4  p.  ni  

4  p.  m.  to  7  p.  m  

7  p.  m.  to  10  p.  m  . . 
10  p.  in.  to  1  a.  m  .  . 

1  a.  m.  to  4  a.  m  ". . 

4  a.  in.  to  7  a.  m  

Total,  1  diiv 

7  a.  m.  to  10  a.  in  

10  a.  in.  to  1  p.  m  

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

7  p.  m.  to  10  p.  in  

10  p.  m.  to  1  a.  m  

1  a.  ra.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6  hours 

Qrams. 
65. 03 
39.03 

Grams. 

—  27.  07 

-  25.40 

Grams. 
178.  44 
118.  41 

Grams. 
150. 77 
93.01 

Liters. 
70. 70 
47.35 

Grams. 
41. 12 
25. 37 

-  53.07 

296. 85 

243. 78 

124. 11 

66.49 

40.76 
34.53 

+  1.13 
-  0.23 

84. 71 
92.78 

85.84 
86.55 

43.70 
44.06 

23.  41 

23.60 

-  5.10 

177.  49 

172.39 

87. 76 

47.01 

-t-  2.67 

1,699. 35 

1,702.02 

866.  50 

464. 20 

+    5. 34 

+  127.22 
—  06. 96 

5,117.04 

1,397.04 

161.75 
94. 79 

202. 07 
308. 22 

329.  29 
301. 20 

167. 64 
153. 37 

89.80 
82. 16 

+  60. 26 

570. 29 

ooU.  oo 

321. 01 

171.96 

128. 09 
66. 20 

+  33.30 
—  61.89 

288. 82 
318.  37 

322. 12 
256.  48 

163.99 
130.  57 

87. 85 
69.94 

—  28.  59 

607. 19 

578. 60 

294.  50 

157. 79 

46. 36 
34.89 

—  19. 84 

-  11.47 

142. 03 
115.  47 

122. 19 
104.00 

62.  21 
52.95 

33. 32 
28!  37 

—  31. 31 

257.  50 

226.  19 

115. 16 

61.69 

32. 01 
30. 17 

~    2. 88 
-  1.84 

86.  59 
84.48 

83.  71 
82.64 

42.  62 
42. 07 

22.83 
22.54 

—    4. 72 

171. 07 

166. 35 
1, 001.  09 

84. 69 
815.  42 

45. 37 

—    4. 36 

1,606.05 

436. 81 

148. 08 
95. 15 

+  117. 91 
—  52. 93 

203. 53 
356. 14 

.321.  44 
303. 21 

103.  05 
154. 36 

87.  66 
82.70 

+  64. 98 

559. 67 

024. 65 

318.  01 

170.36 

110.31 
71. 15 

+  21.16 
—  45. 10 

280. 04 
308. 44 

301.20 
263. 28 

153.  34 
134. 04 

82. 15 
71.80 

—  24. 00 

588.  48 

564. 48 

287. 38 

153. 95 

44. 95 
37.92 

—  20. 20 

-  7.03 

149. 97 
110. 81 

123.  77 
109.  78 

63. 01 
55.89 

33.  76 
29.94 

—  33.23 

260.  78 

233.  55 

118. 90 

63.70 

27. 10 
32.94 

—  10. 82 
+  5.84 

80. 99 
82.18 

70. 17 
88.02 

35. 72 
44.81 

19. 14 
24.00 

—    4. 98 

103. 17 

158. 19 

80.  53 

43. 14 

+    2. 77 

1  578. 10 

1  580. 87 

804. 82 

431. 15 

136. 81 
87. 19 

+  103.87 
-  49.62 

203.  43 
336. 95 

307.30 
287.  33 

156.45 
146.28 

83.81 
78.36 

+  54.25 

540. 38 

594.  63 

302.  73 

162. 17 

120.98 
69.44 

+  33.79 
-  51.54 

287.  55 
314. 35 

.321.  34 
262.  81 

163.59 
133.80 

87.64 
71.68 

-  17.75 

601.90 

584. 15 

297. 39 

1,59.32 
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Table  109. — Record  of  carbon  dioxid  in  ventilating  air  current,  metabolism  experiments 
Nos.  66-58,  and  60-67— Continued. 


Period. 


Carbon  dioxid. 


(a) 

Amount 
in 

chamber 
at  end  of 
period. 


(6) 
Gain  (+) 

or 
loss  (— ) 
over  pre- 
ceding 
period. 


(c) 

Amount 
aljsorbed 

from 
outcoming 
air. 


id) 

Corrected 

weight 
exhaled  by 
subject, 
6+c. 


Volume 
exhaled  by 
subject, 
dXO.5091. 


Experiment  No.  6S- 
Continued. 

7  p.  m.  to  10  p.  m  .. 
10  p.  m.  to  1  a.  m  . . 


Total,  6  hours. 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours. 
Total,  1  day... 
Total,  3  days.. 
Experiment  No.  64. 


7  a.  m.  to  10  a.  m.. 
10  a.  m.  to  1  p.  m  . 


Total,  6  hours. 


1  p.  m.  to  4  p.  m  , 
4  p.  m.  to  7  p.  ni  . 


Total,  6  hours. 


7  p.  m.  to  10  p.  m  . 
10  p.  m.  to  1  a.  m  , 


Total,  6  hours. 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours. 

Total,  1  day. . . 

Experiment  No.  65. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  . . . 


Total,  (i  hours. 


1  p.  m.  to  4  p.  m  . 
4  p.  m.  to  7  p.  m  . 


Total,  G  hours. 


7  p.  m.  to  10  p.  m. 
10  p.  m.  to  1  a.  m  . 


Total,  6  hours. 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6 hours.. 

Total,  1  day.... 

Experiment  No.  66. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  


Total,  6  hours. 


Grams. 
45. 29 
35. 99 


Grams. 

-  24.15 

-  9.30 


Grams. 
148. 92 
116.  46 


Grams. 
124. 77 
107. 16 


Liters. 
63.52 
54.56 


-  33.45 


265. 38 


231. 93 


118.08 


38.13 
30. 95 


+  2.14 
-  7.18 


84. 37 
88.39 


86.51 
81.21 


44. 04 
41.34 


-  5.04 


172. 76 


167. 72 


85.38 


-  1.99 


1, 580.  42 


1,578.  43 


803.58 


-  3.58 


4, 764.  57 


4, 760.  99 


2, 423. 82 


157.42 
91.95 


+  126.  47 
-  65.47 


242.02 
370. 13 


368.49 
304.  66 


187.60 
155. 10 


61.00 


612. 15 


673. 15 


342.70 


131. 11 
90.13 


+  39.16 
-  40.98 


352. 91 
377. 39 


392. 07 
336.  41 


199. 60 
171. 27 


1.82 


730.  30 


728.  48 


370. 87 


137. 85 
66. 63 


+  47.72 
-  71.22 


336. 35 
320.  90 


384. 07 
249.  68 


195.  53 
127. 11 


23.50 


657. 25 


633.  75 


322.  64 


61.67 
33. 64 


4.96 
28.03 


228.  40 
113. 22 


223.  44 
85.19 


113.  75 
43. 37 


-  32.99 


341.  62 


308. 63 


157. 12 


2.69 


2, 341. 32 


2, 344. 01 


1,193. 33 


37.  00 
32. 09 


+  3.96 
-  5.51 


109. 13 
91.52 


113. 09 
86.01 


57.57 
43.79 


1.55 


200.65 


199. 10 


101. 36 


38.48 
33.37 


+  6.39 
-  5.11 


104. 10 
101.  61 


110.  49 
96.50 


56. 25 
49.13 


+  1.28 


205.  71 


206. 99 


105.38 


41.66 
42.  51 


8. 29 
.85 


111.  59 
125. 94 


119.88 
126.  79 


61.03 
64.55 


9.14 


33. 17 
29.  48 


9.  34 
3.69 


237.  53 


94. 25 
81.06 


246.  67 


125. 58 


84.  91 
77.37 


43. 23 
39. 39 


-  13.03 


175. 31 


162.28 


82.62 


819. 20 


815. 04 


414. 94 


44.85 
43. 35 


15. 37 
1.50 


114.93 
120.  55 


130. 30 
119. 05 


66. 34 
60.  61 


+  13.87 


235. 48 


249. 35 


126. 95 


283 


Table  109. — Record  of  carbon  dioxid  in  ventilating  air  current,  metabolism  expcrivients 
Nos.  56-58  and  60-67— Continued. 


Date. 

Period. 

Carbon  dioxid. 

(/) 

Carbon 
in  carbon 

dio.xid 
exhaled. 

(a)     1  (6) 
Amount 

chamber  i'"f.f-2 

(c) 
Amount 
absorbed 

from 
outcoining 
air. 

Corrected 
weight 

exhaled  by 
subject, 
b+c. 

(e) 

Volume 
exhaled  by 
subject, 

dxcwgi. 

1904. 

/Vpr.  24-25.. 

Apr.  25-2r>.. 
Al>r.2(i-27.. 

KxperimenI  JVo.  60 — 
Continued. 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  0  hours 

7  p.  m.  to  10  p.  m  

10  p.  in.  to  1  a.  m  

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  ti  hours 

Experiment  No.  67. 

7  a.  m.  to  10  a.  ni  

10  a.  m.  to  1  p.  m  

1  p.  in.  to  4  p.  ni  

4  I),  m.  to  7  p.  Ill  

Total,  6  hours 

7  p.  111.  to  10  p.  m  

10  p.  in.  to  1  a.  m  

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  fi  hours 

Total,  1  day  

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6  hours 

7  p.  m.  to  10  p.  in  

10  p.  m.  to  1  a.  m  

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day 

Grams. 
42.50 
40.93 

Grams. 
-  .85 
+  4.43 

Grams. 
114.53 
1 14. 19 

Grams. 
113.68 
118.  62 

Liters. 
57. 87 

Grams. 
31.00 
32.  35 

+  3.58 

228.  72 

161.  oU 

118. 26 

63. 35 

40.98 
37.02 

-  5.95 

-  3.96 

113. 13 
101.07 

107. 18 
97.11 

54. 57 
49.  44 

29.23 
26. 49 

-  9.91 

214. 20 

204. 29 

104. 01 

55.72 

30.28 
36.93 

-  6.74 
+  6.65 

ol.  oO 

72.54 

ui 

79. 19 

01.  yo 
40.32 

20.35 
21.60 

-  .09 

153. 89 

153. 80 

78.30 

41.95 

+  7.45 

839. 74 

229. 03 

64.07 
51.74 

+  27.14 
-  12.33 

122. 97 
150.  67 

150.11 
138.  34 

76  42 
70.  43 

40. 94 
37. 73 

+  14.81 

273.  64 

288. 45 

146. 85 

78.67 

56.86 
52. 17 

+  5.12 
-  4.69 

132.29 
143. 36 

137.  41 

138.  67 

69.96 
70. 60 

37.48 
37.82 

+  .43 

^10.  00 

75.30 

44. 77 
45.14 

-  7.40 
+  .37 

125.  29 
114. 75 

117. 89 
115. 12 

60. 02 
58. 61 

32.15 
31.40 

-  7.03 

240.  04 

233. 01 

1 18. 63 

63.55 

34.57 
36.  77 

-  10.57 
+  2.20 

88.83 
73.55 

78. 26 
75. 75 

39.84 
38.56 

21.34 
20.66 

-  8.37 

162. 38 

154.  01 

78.  40 

42.00 

-  .16 

951. 71 

951.  55 

484.  44 

259.  52 

68.68 
62.89 

+  31.91 
-  5.79 

123.88 
142.  69 

155.  79 
13(1. 90 

79.31 
69.-  70 

42.49 
37.33 

+  26.12 

266.  57 

156.  18 
140.  98 

29J.  by 

U>5.  39 
132.  53 

149. 01 

84.20 
67. 47 

79.82 

72. 10 
63. 65 

4-  9.21 
-  8.45 

45.11 
36.14 

+  .76 

297. 16 

IWi.  92 

151. 67 

81.25 

54.83 
53.51 

-  8.82 

-  1.32 

120.  92 
103. 08 

112.  10 
101.76 

57. 07 
51. 81 

30.57 
27.75 

-  10.14 

224. 00 

213.  86 

108.88 

58.32 

42.89 
43. 73 

-  10.62 
+  .84 

83.  93 
73  46 

73.  31 
74.30 

37.32 
37.83 

19.  99 
20!  26 

-  9.78 

157.  39 

147.  61 

75.15 

40. 25 

+  6.96 

945. 12 

952. 08 

484. 71 

259. 64 

1          Total,  2  days 

+    6. 80 

1,896.83 

1,903.  63 

969. 15 

519. 16 
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Table  111. — Record  of  water  of  respiration  and  perspiration,  metabolism  experiments 

Nos.  56-58  and  60-67. 


Date. 

Period. 

(a) 

Total 
amount 
of  va- 
por in 
cham- 
ber at 
end  of 
period. 

(6) 

Gain 
(  +  )  or 
loss  (  — ) 

over 
preced- 
ing  pe- 
riod. 

(c) 

Change 
in  weight 
of  ab- 
sorbers, 
gain  (+) 
or  loss. 

(rf) 

.\mount 
in 
under- 
clothes. 

(«) 
Total 

amount 
gained 
(  +  )  or 

lost  (-) 
during 
period, 

f+c+a. 

(/) 

Total 
amount 
in  out- 
going 
air. 

(?)* 
Total 
water 
of  respi- 
ration 

and 
perspi- 
ration,* 
e+f. 

1903. 
Apr.  27 ... . 

Apr.  27-28- 
Apr.  28-29. . 

Apr.  29-30. . 
May  7.  

• 

Preliminary  to  expe- 
riment No.  56. 

1  a.  m  

Grams. 
56. 84 
54.  64 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

1  a.  m.  to  7  a.  m  

-  2.20 

-  2.20 

270. 14 

267. 94 

Experiment  No.  56. 

7  a.  m.  to  1  p.  m  

1  p.  m.  to  7  p.  m  

7  p.  m.  to  1  a.  m  

67. 95 
68.82 
64. 04 
63. 14 

-1-13. 31 
+  .87 

-  4.87 

-  .90 

+  1,003.82 
+  1,190.02 
+     75. 30 
+     74. 46 

55. 10 
55.00 

+1,072. 23 
+1,245.89 
+     70. 52 
+     73. 56 

270. 12 
307.59 
347. 51 
314.85 

1,342.35 
1,. 5.53.  48 
418.03 
388.41 

1  a.  m.  to  7  a.  m  

Total,  1  day 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6  hours 

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total,  6  hours 

+  8.50 

+2,343. 60 

110. 10 

+2,402.20 

1,240.07 

3,702.  27 

66.02 
69. 96 

+  2.88 
+  3.94 

+    679. 41 
+    679. 41 

39.70 
39.80 

+    721. 99 
+  723.15 

165.25 
161. 02 

887. 24 
884.17 

-t-  6.82 

+1,358.82 

79. 50 

+1,445. 14 

326. 27 

1,771.41 

08.  22 
64.  97 

-  1.  74 

-  3.25 

+    621. 91 
+    621. 91 

39.70 
39.70 

+    659. 87 
+    658. 36 

173. 77 
173. 03 

833.  64 
831. 39 

-  4.99 

+1,243. 82 

79. 40 

+  1,318.23 

346.80 

1,665. 03 

66. 47 
■  68.60 

-1-  1.50 
+  2.13 

+     16. 39 
+     16. 39 

+     17. 89 
+     18. 52 

170. 16 
170. 66 

188. 05 
189. 18 

+  3.63 

+     32. 78 

+     36. 41 

340..  82 

377. 23 

1  a.  m.  to  4  a.  m  

68.  71 
63.70 

+  .11 
-  5.01 

+     15. 89 
+     15. 89 

+  16.00 
+  10.88 

175. 81 
163. 42 

191.81 
174. 30 

4  a.  m.  to  7  a.  m  

Total,  6  hours 

-  4.90 

+     31. 78 

+  26.88 

339. 23 

366. 11 

Total,  1  dav 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6  hours 

7  p.  m.  to  10  p.  ra  

10  p.  m.  to  1  a.  m  

Total,  6  hours 

+    .56  |  4  2,667.  20 

158. 90 

+2,826.  66 

1,353. 12 

4,179. 78 

65. 21 
66.  30 

+  1.51   +  533.62 
+  1.09  +  533.62 

51.00 
51.00 

+    586. 13 
+    585. 71 

154. 38 
159.  77 

740.  51 
745.  48 

+  2.60 

+  1,067.24 

102  00 

+  1,171.84 

314. 15 

1,485. 99 

67.  43 
66.  77 

+  1.13 
-  .66 

+    638. 33 
+    638. 32 

= 
51.00 
50. 90 

+    690. 46 
+    688.  .56 

159.00 
161. 81 

849. 46 
850. 37 

+  .47 

+  1,276.65 

101.90 

+  1,379.02 

320. 81 

1,699. 83 

62. 62 
69.79 

-  4.15 
-1-  7.17 

+     28. 83 
+  28.83 

+     24. 68 
+      36. 00 

153. 38 
155. 53 

178. 06 
191. 53 

+  3.02 

+     57. 66 

+  60.68 

308. 91 

369. 59 

1  a.  m.  to  4  a.  m  

67.11 
60. 37 

-  2.68 

-  6.74 

+  28.33 
+  28.32 

+      25.  &5 
+     21. 58 

154.25 
150  25 

179. 90 
171.83 

4  a.  m.  to  7  a.  m  

Total,  6  hours 

-  9.42 

+  56.65 

+      47. 23 

304. 50 

351. 73 

Total,  1  day 
Total,  3  days 
Experiment  No.  57. 
7  a.  m  

-  3.33 

+2,4.58.20 

203. 90 

+  2,a58.77 

1,248.37 

3,907.14 

+  5.73 

+  7,469.00 

472. 90 

+7,947.  63 

3,841. 56 

11,789. 19 

54. 52 

May  7-8. . . . 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours 

61.  42 
65.'06 

-1-  6.90 
+  3.64 

+  650.00 
+    650. 00 

35.50 
35. 50 

+    692. 40 
+    689. 14 

165.46 
219. 87 

857. 86 
909.01 

+  10  .54 

+  1,300.00 

71.00 

+  1,381.54 

385. 33 

1,766. 87 

*  Including  the  solids  of  perspiration.   The  amount  of  these  was  not  determined. 
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Table  111. — Record  of  water  of  respiration  and  perspiration,  metabolism  experiments 
Nos.  56-58  and  60-67 — Continued. 


(a) 

Total 
amount 


Period. 


(ft) 


Gain 

Tva-"  S±\'"'^ 
por  in 
cham- 
l>er  at 


end  of 
period. 


loss  (— ) 

over 
preced- 
ing pe- 
riod. 


(c) 

Change 
in  weight 
of  a  b- 
sorbers, 
gain  (  +  ) 
or  loss. 


Amount 


under- 
clothes. 


(«) 
Total 

amount 
gained 
(+)  or 

lost  (-) 
during 
period, 

f+c+a. 


Total 
amount 
in  out- 
going 
air. 


(!7) 
Total 
water 
of  respi- 
ration 

and 
per.spi- 
ration, 
e+f. 


Experiment  No.  57— 
Continued. 


1  p.  in.  to  4p.m. 
4  p.  m.  to  7  p.  m . 


Grams. 
00. 82 
06.99 


Grams. 
+  1.70 
+  .17 


Grams. 
+  495. 20 
+    495. 20 


Grams. 
35.50 
35.50 


Grams. 
198.90 
221. 31 


Grams. 
731. 30 
752. 18 


Total,  0  hours. 


+  1.93 


+  990.40 


71.00 


-1-1,003. 33 


420.21 


1,483.  54 


7  p.  m.  to  10  p.  m  

10  p.  ni.  to  1  a.  m  

Total,  (i  hours. 


65. 12 
69.  75 


-  1.87 
-I-  4.63 


+  53.00 
-I-     53. 00 


+     51. 13 

-t-     57. 63 


141. 25 

93.51 


192. 38 
151. 14 


2.76 


106. 00 


+    108. 76 


234. 76 


343. 52 


1  a.  m.  to  4  a.  ni . 
4  a.  m.  to  7  a.  ni. 


64.  32 
61.27 


Total,  6  hours. 
Total,  1  day. . . 


7  a.  m.  to  10  a.  m. 
10  a.  m.  to  1  p.  in . 


Total,  6  hours. 


68.  06 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


65.70 
68.64 


Total,  6  hours. 

7  p.  m.  to  10  p.  m.. . 
10  p.  in.  to  1  a.  m. .. 

Total,  6  hours. 


60.53 
65.05 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


58. 93 
58.35 


Total,  6  hours. 
Total,  1  day. . . 


7  a.  in.  to  10  a.  in  

10  a.  m.  to  1  p.  m. . . 

Total,  6  hours. 


64.  74 
66.37 


1  p.  m.  to  4  p.  in. 
4  p.  m.  to  7  p.  in. 


69. 57 
63.96 


Total,  6  hours. 


7  p.  m.  to  10  p.  m. . . 
10  p.  m.  to  1  a.  m. . . 

Total,  6  hours. 


(K).  56 
62.68 


1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours. 

Total,  1  day... 

Total,  3  days. . 


59.09 
57. 52 


-  5.43 
-3.05 


-I-  42.90 
+  42.90 


-t-  37. 47 
+     39. 85 


113.  66 
109. 85 


8.48 


85.80 


77.32 


223. 51 


151. 13 
149.  70 


300. 83 


+  6.75 


+  2,482.20 


142.00 


+  2,630.95 


1,263.  81 


3,894.70 


+  6.79 
+  .78 


+  590. 40 
+    590. 40 


40. 10 
40. 10 


+  637. 29 
+    631. 28 


119. 15 
202.75 


756.  44 
834. 03 


+  7.57 


+  1,180.80 


80.20 


+  1,268.57 


321.90 


1,590. 47 


-  3.14 
+  2.94 


+  631. 50 
+  631.50 


40. 10 
40.00 


+  668. 46 
+    674. 44 


203. 84 
215.  22 


872. 30 
889.  66 


-    .20  1+1,263.00 


80.10  +1,. 342. 90  1     419.06  1,761.96 


-  8.11 
+  4.52 


+  19.20 
+     19. 20 


-  3.59 


6. 12 
.58 


-  6.70 


2. 92 


+  6.39 
+  1.63 


+  8.02 


+  3.20 
-  6.61 


2.41 


-  3.50 
+  2.22 


-  1.28 


-  3.59 

-  1.57 


5. 16 


-  .83 


+  3.00 


1+  11.09 
:+  23.72 


204. 10 
192.  68 


215. 19 
216.  40 


38.40 


+     14. 10 
14.10 


28.20 


34.81       396.78  I  431.59 


+  7.98 
+      13. 52 


204. 08 
181. 87 


212. 06 
195.  39 


21.50  385.95 


+  2,510.40 


160.30  1  +  2,667.78  1,523.69 


407. 45 
Tl91.  47 


+    756. 10 
756. 10 


31.00 
31.00 


+  793. 49 
+    788. 73 


+  1,512.20 


62.00  :  +  l,.582.  22 


+  445. 10 
+  445.00 


30.90 
30.90 


+  479. 20 
+    470. 29 


+    890. 10 


61.80  +  949.49 


6.20 
6.20 


+  12.40 


4.30 
4.20 


8.50 


+  2,423.20 


123.80 


+7,415. 


426. 10 


2.70 
8.  42 


11.12 


.71 
2. 63 


3.34 


+  2,546. 17 


+  7,844.90 


159, 18 
265.90 


952.  67 
1,054.  63 


425.08  I  2,007.30 


142.51 
195.  81 


621. 71 
666. 10 


338. 32 


181. 94 
188. 94 


370.88 


170. 51 
181. 82 


352. 33 


1,287. 81 


184.  64 
197.  36 


382.00 


171.  22 
184.  45 


a55.  67 


1,486.  61 


4,274.11 


4,032.78 


12,119.  01 
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Table  111. — Record  of  water  of  respiration  and  perspiration,  metabolism  experiments 
Nos.  56-58  and  60-67— Continued. 


Period. 


(a) 

Total 
amount 
of  va- 
por in 
cham- 
ber at 
end  of 
period. 


(6) 

Gain 
(  +  )  or 
loss  (  — ) 

over 
preced- 
ing pe- 
riod. 


(c) 

Change 
in  weight 
of  ab- 
sorbers, 
gain  (  +  ) 
or  loss. 


Amount 


under- 
clothes. 


ie) 
Total 

amount 
gained 
(+)  or 

lost  (  — ) 
during 
period, 

f+c+a. 


Total 
amount 
in  out- 
going 
air. 


Experiment  No.  68. 
7  a.  m  


7  a.  m.  to  1  p.  m . 
1  p.  m.  to  7  p.  m. 
7  p.  m.  to  1  a.  m. 
1  a.  m.  to  7  a.  m. 


Total,  1  day. 


7  a.  m.  to  1  p.  m. 
1  p.  m.  to  7  p.  m. 
7  p.  m.  to  1  a.  m. 
1  a.  m.  to  7  a.  m. 


Total,  1  day. 


7  a.  m.  to  1  p.  m. 
1  p.  m.  to  7  p.  m . 
7  p.  m.  to  1  a.  m. 
1  a.  m.  to  7  a.  m  . 


Total,  1  day.. 

Total,  3  days. 

Preliminary  to  ex- 
periment No.  60. 


11  p.  m  

11  p.  m.  to  1  a.  m. . 
1  a.  m.  to  4  a.  m. . . 
4  a.  m.  to  7  a.  m. . . 


Total,  8  hours 

Experiment  No.  60. 

7  a.  m.  to  10  a.  m. . . 
10  a.  m.  to  1  p.  m . .. 

Total,  6  hours 

1  p.  m.  to  4p.  m  

4  p.  m.  to  7  p.  m  


Total,  6  hours 

7  p.  m.  to  10  p.  m. .. 
10  p.  m.  to  1  a.  m. . . 

Total,  6  hours 


1  a.  m.  to  4  a.  ni. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  10  a.  m. . . 
10  a.  m.  to  1  p.  m. . . 

Total,  6  hours 


1  p.  m.  to  4  p.  m . 
4p.  m.  to  7  p.  m. 


Total,  G  hours 


Grams. 
45. 05 


Gram.s. 


Grams. 


Grams. 


Grams. 


Grams. 


51.  66 
49.  50 
48. 24 
60.15 


6.  61 
2. 16 
1.26 
1.91 


+  5.10 


43. 78 
41.  40 
.39.  76 
36, 07 


-  6. 37 

-  2.38 

-  1.64 

-  3.69 


-14. 08 


34. 01 
36.  63 
35.  52 
35. 38 


-  2  06 
4-  2.62 

-  1.11 

-  .14 


-  .69 


9.67 


33. 61 


30  82 
27.  96 
25.73 


2.79 
2.86 
2. 23 


-  7. 


31.84 
29. 19 


6.11 
2.65 


+  3.46 


30. 13 
28.88 


-t-  .94 
-  1.25 


.31 


29.74 
24.29 


+  .86 

-  5,45 


4.59 


22.68 
21.48 


1.61 
1.20 


-  2.81 


4  25 


45  72 
48, 83 


+24. 24 
-t-  3.11 


+27. 35 


51.43 
52. 70 


+  2.60 
+  1.27 


+  3.87 


+  6.61 

-  2.16 

-  1.26 
+  1.91 


116.01 
113.18 
130. 99 
141. 85 


+  5.10 


502. 03 


-  6.37 

-  2.38 

-  1.64 

-  3.69 


185. 98 
215.  79 
228. 32 
212. 77 


-14.08 


842. 86 


-  2.06 
+  2.62 

-  1.11 

-  .14 


216.  61 
187.  50 
215.  22 
198. 30 


.69 


-  9.67 


817. 63 
2, 162. 52 


2.79 
2. 86 
2.  23 


86  30 
114. 39 
109. 81 


-  7. 


310. 50 


6.11 
2.65 


128.  79 
120.  22 


+  3.46 


249. 01 


+  .94 
-  1.25 


123.  44 
122. 04 


.31 


245.  48 


+  .86 
-  5.45 


128  00 
119. 33 


-  4.59 


247. 33 


1.61 
1.20 


106. 16 
115. 81 


-  2.81 


221. 97 


-  4.25 


963. 79 


+  24.  24 
+  3.11 


13.  28 
13. 55 


+27. 35 


26.83 


+  2.60 
+  1.27 


29.46 
44  32 


+  3.87 


73. 78 
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Tablk  111. — Record  of  walcr  of  respimtion  and  perspiralion,  metabolism  experiments 
Nos.  56-58  and  60-67 — Continued. 


Date. 

Period. 

(a)  1 
Total 
amount 
of  va- 
por in 
cham- 
ber at 
end  oi 
period. 

GrctTJis . 
51. 9S 
51. 78 

(6) 

Gain 

(  +  )  or 
loss(— ) 

over 
preced- 

riod. 

(c) 

Change 
in  weight 

of  ab- 
sorbers, 
gain  (  +  ) 
or  loss. 

(d) 

Amount 
in 
under- 
clothes. 

(e) 
Total 

amount 
gained 
(+)  or 

lost  (-) 
during 
period, 

/+C+0. 

(/) 

Total 
amoimt 
in  out- 
going 

(.9) 
Total 
water 
of  respi- 
ration 

and 
perspi- 
ration, 
c+f. 

1904. 

Jiin.2S-29.. 

JZiJ/pcilfflCitt'  IW.  vu 

Continued. 
7  p.  m.  to  10  p.  ni  

in  T»      TTl      to    1     <1  III 

X\j  If,  111.  Lv7  1  jl.  111.... 

Total,  G  hours 

Grams. 

—  0.74 

-  .18 

Grams . 

Grams. 

Grams. 

—  0. 74 

-  .18 

Grams. 
39. 69 
41.04 

Grams. 
38. 95 
40.86 

-  .92 

.92 

80. 73 

79. 81 

1  a.  m.  to  4  a.  ni 



53. 14 

55. 69 

+  1.36 
+  2.55 

+       1. 36 
+  2.55 

29. 85 
26.75 

31. 21 
29. 30 

4  a.  m.  to  7  a.  ni 

Total,  6  liours 

+  3.91 

+  3.91 

56.60 

60. 51 

Total,  1  day 

-1-34. 21 

+     34. 21 

237. 94 

272. 15 

Jan.  29-30. .  7  ii.  lu.  to  10  a.  m  

10  a.  ni.  to  1  p.  ni  

4/.  72 
43.  47 

—  7.97 

-  4.25 

+     24. 75 
+     24. 75 

+     16. 78 
+     20. 50 

154. 28 
142. 12 

171.  06 
162.  62 

Jan.  30-31. . 
Apr.  15-lG. 

Tntiil  hn!ir*j 

—  12.  22 

+     49. 50 

+     37. 28 

296.  40 

333.  68 

1  p.  m.  to  4  p.  m ..... 

46.  u6 
44.22 

+  2. 89 
-  2.14 

+     24. 75 
+     24. 75 

+     27. 64 
+     22. 61 

142.  20 
146. 64 

169. 84 
169.  25 

4  p.  m.  to  7  p.  ni 

Total,  6  hours 

+  .75 

+      49. 50 

+     50. 25 

288. 84 

339. 09 

7  p.  ni.  to  10  p.  m  

10  p.  ni.  to  1  a.  in...- 

Total,  ()  hours 

45  37 
42. 26 

-1-  1. 15 
-  3.11 

+      1. 15 
3.11 

147. 51 
144. 35 

148.  66 
141.24 

-  1.96 

1.96 

291.86 

289. 90 

38.65 
37.48 

-  3.61 

-  1.17 

3.61 
1.17 

125.  49 
115.31 

121. 88 
114. 14 

Total,  0  hours 

-  4.78 

-  4.78 

240. 80 

236. 02 

Total,  1  day 

-18. 21 

+  99.00 

+     80. 79 

1,117. 90 

1,198.09 

Total,  3  days 

+  11. 75 

+     99  00 

+    110. 75 

2, 319. 63 

2, 430.  38 

Experiment  No.  61 . 

7  a.  m.  to  10  a.  m  

10  a.  ni.  to  1  p.  m  

Total,  6  hours 

1  p.  Ml.  to  4  p.  ni  

4  p.  in.  to  7  p.  ni  

Total,  G  hours 

7  p.  in.  to  10  p.  ni  

10  p.  m.  to  1  a.  m  

Total,  6  hours 

61.  49 
61.52 

+  24. 01 
+  .03 

+    337. 70 
+    337. 60 

36. 70 
36.70 

+    398. 41 
+    374. 33 

145. 56 
182. 68 

543. 97 
557.01 

+  24. 04 

+    675. 30 

73.  40 

+    772. 74 

328. 24 

1, 100. 98 

61.  96 
56. 64 

+    .  44 

-  5.32 

-t    667.  oU 

OO  f  .  \J\J 

OO.  70 
36.  70 

+    374. 74 
+    368. 98 

190. 52 
184. 52 

565.  26 
553.  50 

—  4.88 

+    675. 20 

73.  40 

+    743. 72 

375. 04 

1, 118. 76 

51.  98 
54.53 

—  4  66 
+  2.55 

—       4. 66 
+  2.55 

182.  48 
162.07 

177. 82 
164.  62 

-  2.11 

2.11 

344.55 

342.  44 

1  a.  m.  to  4  a.  in  

4y.  Do 

47.  97 

A 

—  'a.  oO 

—  1.71 

A  Q<; 
1.71 

164  48 

149!  35 

159.  63 
147.  64 

4  a.  m.  to  7  a.  in  

Total,  ()  hours . 

-  6.56 

-       6  56 

313. 83 

307.  27 

Total,  1  day 

Preliminary  to  ex- 
periment No.  62. 

-r  i,  oou.  OU 

146.80 

+  1,507.  79 

1,361.66 

2, 869.  45 

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

1  a.  m.  to  4  a.  m  

45. 04 
53. 03 
48. 01 
49.  2fi 

-  .59 
+  7.99 

-  5  02 

4-  1.2.=; 

1-        .59  1  137.00 
,+       7.99       1  42.38 
1-       5  02  !  143.41 
+       1.25  1  137.27 

136.  41 
150  37 
138  39 
138. 52 

4  a.  m.  to  7  a.  m  

Total,  12  hours 

1               +  3.63 



 +       3.63  560.06 

563.69 

21482— No.  175—07  19 
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Table  111. — Record  of  water  of  respiration  and  perspiration,  metabolism  experiments 
Nos.  56-58  and  60-67— Continued. 


Date. 


Period. 


(o) 

Total 
amount 
of  va- 
por in 
cliam- 
ber  at 
end  of 
period. 


(6) 

Gain 
(+)  or 
loss  (— ) 

over 
preced- 
ing pe- 
riod. 


(c) 

Change 
in  weigh  fc 
of  ab- 
sorbers, 
gain  (  +  ) 
or  loss. 


{d) 


Amount 


under- 
clothes. 


(e) 
Total 

amount 
gained 
(+)  or 

lost  (-) 
during 
period, 

f+c+a. 


(J) 


Total 
amount 
in  out- 
going 
air. 


Total 
water 
of  respi- 
ration 

and 
perspi- 
ration, 

e+f. 


1904. 
Apr.  1&-17. 


Apr.  17-18. 


Apr.  18-19 


Experiment  No.  62. 


7  a.  m.  to  10  a.m  

10  a.  m.  to  1  p.  m. 


Grams. 
65.  76 
55.53 


Total,  6  hours 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


Total,  6  hours , 

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total,  6  hours . 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  10  a.  m. . . 
10  a.  m.  to  1  p.  m. . . 

Total,  6  hours 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


Total,  6  hours 

7  p.  m.  to  10  p.  m... 
10  p.  m.  to  1  a.  m. .. 

Total,  6  hours 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m . 


Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m. . . 

Total,  6  hours 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


Total,  6 hours. 

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m. . . 

Total,  6  hours 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours 
Total,  1  day.. 
Total,  3  days . 


60.  63 
57.85 


52.25 
65. 25 


55.89 
55.59 


67. 99 
63. 05 


62.  78 
60. 35 


56. 98 
61.31 


54  03 
50. 73 


67. 03 
63.  44 


64. 77 
62. 14 


57. 23 
57. 74 


58. 74 
57.29 


Grams. 
-M6.50 
-10.23 


Grams. 
+  502. 40 
+    502. 40 


Grams. 
28.10 
28. 10 


Grams. 
+  547. 00 
+  520.27 


Grams. 
144. 78 
174.26 


Grams. 
691. 78 
694. 53 


-t-  6.27 


+  5, 10 
-  2.78 


+  2.32 


-  5.60 
+13. 00 


-I-  7.40 


-  9.36 

-  .30 


-  9.66 


+  6.33 


-1-12.  40 
-  4.94 


-  7.46 


.27 
2.  43 


2.70 


-  3.37 
+  4.33 


.96 


7. 28 
3. 30 


-10.58 


+  16.30 
-  3.59 


+12.71 


1.33 
2.  63 


-  1.30 


-  4.91 
+  .51 


-  4.40 


1.00 
1.  45 


-  .45 


6.56 


+  8.03 


+1,004  80 


56. 20 


+1,067. 27 


319. 04 


1,386.31 


+  502. 40 
+    502. 30 


28.10 
28. 00 


+  535. 60 
+    527. 52 


159. 80 
180.42 


695.  40 
707. 94 


+1,004  70 


56.10 


+1,063. 12 


340. 22 


1,  403.  34 


-  5.60 
+  13.00 


146. 05 
158. 83 


140.  45 
171. 83 


7.40 


304.88 


312.  28 


-  9.36 

-  .30 


166. 54 
157. 04 


157. 18 
156. 74 


+2,009.  50 


+  391. 30 
+    391. 30 


+    782. 60 


9.66 


323.  58 


313. 92 


112.  30 


+2, 128. 13 


1, 287. 72 


19. 80 
19. 70 


+  423. 50 
+  406.06 


164  18 
185.  40 


39.  50 


+    829. 56 


349.58 


+  391. 30 
+    391. 20 


19. 70 

93. 70 


+  410.73 
+    408. 47 


162. 97 
177. 92 


+    782. 50       39.  40 


+    819. 20 


340. 89 


3.37 
4.33 


155. 99 
158.07 


.96 


314.06 


-  7.28 
3.30 


151. 25 
139. 03 


10.58 


290.28 


+1,565. 10 


+  572. 40 
+    572. 40 


+  1,144. 80 


+  572. 40 
+    572. 30 


+1, 144  70 


+2,289.50 


+5,864  10 


78. 90 


-1,639.14 


1, 294  81 


24  70 
24  70 


+  613. 40 
+    593. 51 


151. 22 
157.90 


49. 40 


+  1,206.91 


309. 12 


24  70 
24  70 


+    598. 43 
594  37 


154  21 
161. 21 


49.  40 


+1,192.80 


315.42 


4  91 
.51 


137. 38 
140. 24 


4  40 


277.  62 


1.00 
1.  45 


133. 26 
142.  91 


.45 


276. 17 


98.80 
290.00 


+2,394  86 
+6, 162. 13 


1,178.33 
3, 760. 86 


3, 415. 85 


587.68 
591.  46 


1,179.14 


573.  70 
586.39 


1;160. 09 


152.  62 
162.  4U 


315. 02 


143. 97 
135. 73 


279. 70 


2,933. 95 


764. 62 
751.  41 


1,516.03 


752. 64 
755.58 


1, 508. 22 


132.  47 
140.  75 


273. 22 


134.  26 
141.  46 


275.  72 


3,573. 19 


9, 922.  99 
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Table  111. — Record  of  water  of  respiration  and  perspiration,  metabolism  experiments 
Nos.  56-58  and  60-67 — Continued. 


Period. 


Experiment  \o.  OS. 

?  !l.  Ill  


7  :i.  111.  to  10  a.  m . . . . 
10  a.  in.  to  1  p.  Ill  

Total,  0  hours , 


1  p.  m.  to  4  p.  m. 
4 p.  m.  to  7  p.  in. 


Total,  (i  hours , 

7  p.  III.  to  10  p.  Ill  

10  p.  111.  to  1  a.  m  

Total,  0  hours . 


1  a.  111.  to  4 a.  III. 
4  a.  III.  to  7  a.  m. 


Total,  0  hours , 
Total,  1  day.... 


7  a.  111.  to  10  a.  in  

10  a.  III.  to  1  p.  m  

Total,  B  hours , 

1  p.  III.  to  4  p.  Ill  

4  p.  in.  to  7  p.  Ill  


Total,  6  hours 


7  p.  111.  to  111  p.  ni  

10  p.  ni.  to  1  a.  Ill  

Total,  6  hours . 


1  a.  in.  to  4  a.  in . 
4  a.  III.  to  7  a.  in . 


Total,  6  hours , 

Total,  1  day.. 

7  a.  III.  to  10  a.  m  

10  a.  111.  to  1  p.  m  

Total,  9  hours . 

1  p.  111.  to  4  p.  Ill  

4  p.  in.  to  7  p.  m  


Total,  6  hours . 

7  p.  111.  to  10  p.  m  

10  p.  111.  to  1  a.  m  

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  


Total,  6  hours 
Total,  1  day.. 
Total,  3  days . 


(a) 

Total 
amount 
of  va- 
por in 
cham- 
ber at 
end  of 
period. 


Grams. 
57.29 


70. 91 
1)5.88 


G3. 23 
GO.  38 


58.16 
60.12 


58.69 
61.00 


71.63 
63. 16 


63.24 
62.14 


57.57 
61.36 


.55.51 
62.65 


70.14 
65.42 


65.68 
61.29 


(6) 

Gain 

(  +  1  or 

]oss(-) 

over 
im'cc'il- 
ing  pe- 
riod. 


Grams. 


+  1.3.62 
-  5.03 


-I-  8.59 


2.  65 
2. 85 


5.50 


-  2.22 
+  1.96 


-  1.43 
-f  2.31 


-I- 


-I-  3.71 


(c) 

Change 
in  weight 
of  ab- 
sorbers, 
Hain 
or  loss. 


Grams. 


id) 


Amount 

in 
under- 
clothes. 


Grams. 


+  618. 10 
+    018. 00 


-H,236. 10 


-I-  618. 00 
+    018. 00 


4-1,236.00 


-f-2,472.10 


4-10.63 
-  8.47 


+  2.16 


+  .08 
-  1.10 


1.02 


-  4.57 
+  3.79 


-  .78 


-  5.85 
-I-  7.14 


+  495.00 
-I-  495.00 


+  990.00 


4-  495.00 
+  494.90 


+  989.90 


4-  1.29 


4-  1.65  4-1,979.90 


4-  7.49 
-  4.72 


4-  2.7V 


+  .26 
-  4.39 


-  4.13 


56.80 
61.23 


-  4.49 
4-  4.43 


.06 


.55. 77 
52.44 


-  5.46 

-  3.33 


-  8.79 


-10.21 


4.85 


4-  541.90 
4-  541.90 


4-1,083.8 


4-  541.80 
4-  541.80 


4-1,083.60 


4-2,167.40 


38. 10 
38.00 


76. 10 


38. 00 
38. 00 


76.00 


1.52. 10 


45.70 
45. 70 


91.40 


45. 70 
45. 60 


91.30 


182.70 


44.50 
44.50 


89.00 


14.. 50 
44.. 50 


89.00 


178.00 


4-6,619.40  512.80 


(e) 
Total 
amount 
gained 
(4-)  or 
lost  (-) 
during 
period, 
/4-c4-a. 


Grams. 


+  669. 82 
4-    650. 97 


4-1,320. 79 


4-  653.35 
4-    653. 15 


4-1,306.50 


2. 22 
1.96 


.26 


1.43 
2.  31 


2,627.91 


4-  551.33 
4-  .532.23 


4-1,083.56 


4-  540.78 
4-  .539.40 


4-1,080. 18 


4.. 57 

3.79 


.78 


5. 85 
4-  7.14 


1.29 


4-2,164.25 


4-  593.89 
4-  .581.68 


4-1,175.57 


4-  .586.  ,56 
4-  581.91 


4-1,168.47 


.06 


-  5.46 
3.33 


8.79 


4-2, 335. 19 


(/)  (£/) 
'  Total 

Total  ,  7"*". 
amount  i  "Ij!^ 


in  out- 
going 


ration 
and 
perspi- 
ration, 
e+f. 


Grams.  Grams 


155. 76 
178. 80 


825.  58 
829. 77 


334.56  1,655.35 


173. 35 
180.  44 


826. 70 
833. 59 


353.79  1,660.29 


157.  43 
161. 84 


319. 27 


159.  25 
157.91 


317. 16 


1,324.78 


168.08 
172.83 


340.91 


173.71 
174.37 


348.11 


160. 3fi 
158.27 


318.63 


159. 31 
147.82 


307. 13 


1,314.78 


168.28 
177.44 


315.72 


186.11 
179.30 


355.41 


162.48 
159.46 


321.94 


1.34.11 
151.59 


285.70 


1,. 318. 77 


4-7, 127.35 


3,958.33 


155. 21 
163. 80 


319.01 


157.  82 
160. 22 


318. 04 


3,9.52.69 


719.41 
705.06 


1,424.47 


714.52 
713.77 

1,428.29 


1.55. 79 
162.06 


317.  &5 


153.46 
154.96 


308.42 


3,479.03 


762.17 
7.59. 12 


1,521.29 


772.67 
761.21 


1,. 5.33. 88 

157. 99 
163. 89 


321.88 


128.65 
118.26 


276.91 


3,653.96 


11,085.68 
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Table  111. — Record  of  water  of  respiration  and  perspiration,  metdbolism  experiments 
Nos.  56-58  and  60-67— Continued. 


Date. 


Period. 


(o) 

Total 
amount 
of  va- 
por in 
ciiam- 
ber  at 
end  of 
period. 


(6) 

Gain 
(+)  or 
loss  (— ) 

over 
preced- 
ing pe- 
riod. 


(c) 


in  weigh  I 
of  ab- 
sorbers, 
gain  (_+) 
or  loss. 


Amount 


under- 
clothes. 


(.e) 

Total 
amount 
gained 
(  +  )  or 
lost  (-) 
during 
period, 
f+c+a. 


(f) 


Total 
amount 
in  out- 
going 
air. 


(?) 
Total 
water 
of  respi- 
ration 

and 
perspi- 
ration, 
e+f. 


1904. 
Apr.  22-23. 


Apr.  23-24. 


Apr.  2.5-2fi. 


Experiment  No.  64- 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours  . 


Grams. 
70.03 
66.77 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7p.m. 


Total,  0  hours  . 

7  p.  m.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total,  6  hours  . 


1  a.  ni.  to  4  a.  m . 
4  a.  m.  to  7  a.  m . 


Total,  6  hours 
Total,  1  day  . . 
Experiment  No.  65. 


7  a.  m.  to  10  a.  ra  

10  a.  m.  to  1  p.  m  

Total,  6  hours . 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


Total,  G  hours  . 

7  p.  ni.  to  10  p.  m  

10  p.  m.  to  I  p.  m  

Total,  6  hours  . 


1  a.  in.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day . . 

Experiment  No.  66. 

7  a.  m.  to  10  a.  m . . . 
10  a.  m.  to  1  p.  m  

Total,  6  hours 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 


Total,  6  hours 


7  p.  m.  to  10  p.  m. 
10  p.  m.  to  1  a.  m  

Total,  6  hours 


1  a.  m.  to  4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours 
Total,  1  day.. 


69.55 
63.77 


71.49 
65.53 


61.40 
60.39 


63.03 
55.92 


60.23 
54.74 


.55. 10 
5S.82 


56.. 55 
51.66 


52.46 
50.71 


47. 48 
46.99 


47.46 
47.52 


Grams. 
-1-17.59 
-  3.26 


Grams. 
+  622.80 
-I-  622.80 


Grams. 
13.20 
13.20 


Grams. 
+  653.69 
+    632. 74 


Grams. 
176.64 
183.28 


Grams. 
830.23 
816.02 


+14.33 


-f-1,245.60 


26.40 


-1-1,286.33 


359.92  1,646.25 


+  2.78 
-  5.78 


622.80 
622.80 


13.20 
13.20 


+  638. 78 
+  6.30.22 


189.92 


828.70 
816.91 


-  3.00 


+1,245.60 


26.40 


+1,269.00 


3V6.61  I  1,645.61 


+  7.72 
-  5.96 


+  622.80 
+  622.80 


13.20 
13.10 


+  643. 72 
+  629.94 


194. 76 
196.38 


1.76 


+  1,24.5.60 


26.30 


+1,273.66 


391.14 


-  4.13 

-  1.01 


622.80 


13. 10 


+  031.77 
1.01 


185.14 
167.11 


5.14 


+  622.80 


13.10 


+    630. 76 


352. 25 


+  7.95 


+4, 359.60 


92.20 


+4, 459. 75 


1,479.92 


+  2.64 
-  7.11 


19.90 
19.90 


-  39.80 


+  4.31 
-  5.49 


19.90 
19.90 


-  1.18 


39.80 


+  ..36 
+  3.72 


19.90 
19.90 


+  4.08 


39.80 


-  2.27 

-  4.89 


19.80 
■  19. 80 


7.16 


-  39.60 


-  8.73 


159.00 


17.26 
27.01 


159.91 
157.21 


+  .80 
-  1.75 


22.10 
22.10 


-  .95 


44.20 


-  3.23 

-  .49 


22.10 
22.10 


3.72 


-  44.20 


.47 
.06 


22.10 
22.10 


+  .53 


44.20 


48.44 
46.14 


+  .92 
-  2.30 


22.10 
22.10 


-  1.38 


-  44.20 


5.52 


176.80 


317.12 


15.59 
25.39 


152.40 
153.40 


40.98 


305.80 


838.48 
826. 32 

1,664.80 


816.91 
166. 10 


983.01 


5,939.67 


142.65 
130.20 


272.85 


136. 81 
128.01 


264.82 


19. 54 
16.18 


160.30  I 
158.66  I 


140.76 
142.48 


35. 72 


318.96       283. 24» 


22.07 
24.69 


152.18 
146.13 


130. 11 
121.44 


-  46.76 


298.31  251.55 


167. 73 


1,240.19  1,072.46 


21.30 
23.85 


149.80 
141.60 


291.40 


25.33 
22.59 


129.34 
128.48 


47.92 


257.82 


21.63 
22.04 


127.71 
131.80 


-  43.67 


259.51 


128.50 
117.75 


246.25 


104.01 
105. 89 


209.90 


106.08 
109.76 


215.84 


21.18 
24.40 


133.91 
123.51 


112.73 
99.11 


-     45.58       257.42  211.84 


-    182.32  1,066.15 


883.83 
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Table  111. — Record  of  water  of  respiration  and  perspiration,  mrtaholisvi  experiments 
Nos.  56-58  and  60-67— Continued. 


Date. 

Period. 

(a) 

Total 
amount 
of  va- 
por in 
chain- 
end  of 
period. 

(&) 

Gain 
(+)  or 
loss  (  — ) 

over 
preced- 
ing pe- 
riod. 

(c) 

Change 
in  weight 
of  ab- 
sorbers, 
p'n  i  Ti  ^  -t-  ^ 
or  loss. 

(d) 

Amount 

in 
under- 
clothes. 

(e) 
Total 

amount 
gained 
(  +  )  or 

lost  (-) 
during 
period. 

(/) 

Total 
amount 
in  out- 
going 
air. 

(g)\ 

Total 
water 
of  respi- 
ration 

and 
perspi- 
ration, 

e-\-f 

1904. 
Apr.  26-27. 

Experiment  No.  67. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Grams. 
49.  r,9 
50.39 

Grams. 
-h  3.45 
+  .80 

Grams. 

-  14.. 50 

-  14.50 

Grams. 

Grams. 

-  11.05 

-  13.70 

Grams. 
120.44 
120.73 

Grams. 
109. 39 
107.03 

-1-  4.25 

—  29.00 

-  24.75 

241.17 

216.42 

1  ]i.  m.  to  4  p.  Ill  

4  p.  111.  to  7  p.  Ill  

Total,  B  hours 

.TO.  40 
48. 31 

+  .01 

-  2.09 

—  14.50 

-  14.  .50 

-  14.49 

-  16.59 

117.72 
123.23 

103.23 
lOfi.64 

—  2.08 

—  29.00 

-  31.08 

240.95 

209. 87 

7  p.  m.  to  10  p.  Ill  

10  p.  m.  to  I  a.  Ill  

Total,  6  hours 

44.70 
49.52 

-  3.61 
-1-  4.82 

—  14.50 

-  14.50 

-  18.11 

-  9.68 

117.85 
123. 14 

99.74 
113.46 

+  1.21 

-  29.00 

-  27.79 

240.99 

213.20 

1  a.  m.  to  4  a.  ni  

4  a..  111.  to  7  a.  in  

Total,  b  hours 

48. 25 
45.48 

-  1.27 

-  2.77 

—  14.50 

-  14.50 

-  15.77 

-  17.27 

123. 62 
112.21 

107. 85 
94.94 

-  4.04 

-  29.00 

-  33.04 

235. 83 

202. 79 

Total,  1  day 

-  .66 

-116.00 

-116.66 

958.94 

842.28 

7  a.  m.  to  10  a.  m  

JO  a.  in.  to  1  p.  ni  

Total,  fi  hours 

47.56 
47.73 

4-  2.08 
+  .17 

—  4.40 

-  4.40 

-  2.32 

-  4.23 

116.43 
118.96 

114.11 
114.73 

+  2.25 

-  8.80 

—  6.55 

235.39 

228. 84 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m 

51.22 
46.20 

-t-  3.49 
-  5.02 

-  4.40 

-  4.40 

-  .91 

-  9.42 

116.92 
118. 17 

116.01 
108. 75 

224. 76 

-  1.53 

-  8.80 

—  10.33 

235.09 

7  p.  m.  to  10  p.  Ill  . . . 
10  p.  111.  to  1  a.  ni  

Total,  Ci  hours 

46.87 
47.95 

-1-  .67 
+  1.08 

-  4.40 

-  4.40 

-  3.73 

-  3.32 

111.09 
115.13 

107.  .36 
111.81 

-1-,  1.75 

-  8.80 

-  7.05 

226.22 

219.17 

1     in  to  4  ii  111 
4  a.  m.  to  7  a.  m 

47. 21 
44!  64 

  _ 

-  2^57 

  4., 30 

-    4!  30 

—  5  04 

-  6!87 

111  90 

105!  00 

106  86 
98!  13 

-  3.31 

-  8.60 

-  11.91 

216.90 

204.99 

Total,  1  day 

-  .84 

-  35.00 

-  35.84 

913.60 

87.7.76 

-  1.50 

-151.00 

-!52..50 

1,872.. 54 

1,720.04 
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3.  702.  27 
4. 179.  78 
3  907  14 

3,929.  73 

3,695.22 

3, 812.  48 

3,675.87 

5,939.07 

3,837.57 

2,  582.  73 

308.  75 

301.  12 

s 

i 

983.  01 

373.  80 

i 

174.  30 
171.  83 

d  173.  00 

154  48 

s 

? 

s 

i 

160. 10 

'  IM.  52 

S 

Sg 

■a 

11 

s 

t-t 

?? 
i" 

I 

S. 

'212.  16 

s- 
i 

s? 

353.93 

347.  97 
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442.  03 

345.95 

189. 18 
191.  53 

d  190.  35 

iSg 

i 

g 

Til 

••niol 

■i 

i 

/ 183.  73 

188.  05 
178.  00 

diss.  00 

g 

1 

1 

mi 

i 

1  1,540.82 

1 

1,481.88 

1,645.61 

1,493.58 

958.16 

831.  39 
850.  37 

i 

•a 

833.  59 
713.  77 
761.  21 

769.  52 

'798.06 

816.  91 

g 

/  525. 17 

833.04 
849.  40 

d  841.  55 

820.  70 
714  52 
772.  07 

771.  30 

i 

828.  70 

«  741.  39  1 

/521. 22 

1,342.35 
1,771.41 
1,485.99 

1,055.35 
1,424  47 
1.521.  29 

1,533.70 

g 
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1.52N. 

979.  82 

884.  17 
745.  48 

•a 

829.  77 
705.  00 
759. 12 

764  65 

fj 

s 

!l 

/  544  91 

887.  24 
740.51 

i8 

•a 

im 

§ 
1 

! 

1 

830. 23 

S 

! 

/  637. 92 

^  « 

666 


ill 


SiSS 
666 
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Table  113. — Daily  income  and  outgo  of  water,  metabolism  experiments  Nos.  56-58  and 

60-67. 


Number,    subject,  and 
kind  of  experiment. 

Dura- 
tion. 

Income. 

Outgo. 

JLll  lUUU. 

Total. 

Xn  feces. 

In  urine. 

In  res- 
piration 
and  per- 

spira- 

i 

1  . 
Total. 

Rest  experiments. 

No.  58,  with  H.  F.,  car- 
bohydrate diet: 

First  day  

Second  day  

Third  day  

Total  

No.  60,  with  B.  F.  D.,  car- 
bohydrate diet: 

First  day  

Second  day  

Third  day  

Total  

No.  65,  with  A.  L.  L.,  car- 
l30hydrate  diet  

Days. 
J 

Grams. 
1    558. 50 
\    530. 80 
1    619. 30 

Grams. 
400.00 
400.00 
263. 00 

Grams. 
958.  50 
936. 80 
882.  ;m 

Grams. 
34.  77 
■a.  77 
34.  77 

Grams. 
372.90 
.366.  90 
410. 00 

Grams. 
507. 13 
828.  78 
816. 94 

Grams. 

914. 80 
1,230. 45 
1,261.71 

1,714.60 

1,063.00 

2,777.60 

104. 31 

1,149.80 

2,152. 85 

3,406.  96 

1 

11,159.30 
054.  80 
11,054.80 

700. 00 
700. 00 
700. 00 

1,859.30 
1,754.80 
1,7.54.80 

97. 07 
97. 07 
97.07 

1,046.32 
951.  .30 
1,298.88 

959.  54 
272. 15 
1,198.69 

2,102. 93 
1,320.52 
2,594.  64 

3,268.  90 

2,100.00 

5,368.90 

291. 21 

3,296.  50 

2,430.  38 

6,018. 09 

1 

2,255.51 

2,255.51  [  62.17 

1,020.  64 

1,072.  46 

2,155.27 

No.  66,  with  A.  L.  L.,  car- 
bohydrate diet  

1 

2,0.39.22 

2,039.22 

62. 17 

981. 18 

883. 83 

1,927. 18 

No.  67,  with  A.  L.  L.,  car- 
bohydrate diet: 
First  day  

}  ^ 

fl,581.  24 
tl,405.02' 

1,581. 24 
1  405. 02 

62. 17 
62. 17 

1,013. 77 
1,266.29 

842. 28 
877. 76 

1,918. 22 
2,206.  22 

Second  day  

Total  

2,986.26 

2,986.26 

124.  34 

2,280. 06 

1,720. 04 

4,124,  44 

Work  experiments. 

No.  56,  with  J.  C.  W.,  fat 
diet: 

First  day  

Second  day  

Third  day  

Total  

No.  ,57,  with  .T.  C.  W.,  car- 
bohydrate diet: 

First  day  

Second  day  

Third  day  

No  61,  with  B.  F.  D.,  car- 
bohydrate diet  

No.  62,  with  A.  L.  L.,  car- 
bohydrate diet: 

First  day  

Second  day  

Third  day  

Total  

No.  63,  with  A.  L.  L.,  fat 
diet: 

First  day  

Second  day  

Tnird  day  

Total  

No.  64,  with  A.  L.  L.,  fat 
diet,  severe  work  | 

1 

(2,9.35.  .50 
•^2,970.10 
l3,011.  70 

1,950.00 
1,950.  00 
1,950.  00 

4. 885.  50 
4,920. 10 
4,961.70 

191.  30 
191.  30 
191.  30 

1,425.80 
927.  50 
914.  30 

3,702.  27 
4,179.  78 
3,907.14 

5, 319.  .37 
5,298.  58 
5,012.  74 

8,917.  .30  5,850.00 

14,767.30 

573.  90 

3,267.  60 

11,789. 19 

15,630.  69 

1  = 

(2,310.10 
•^2,394.  70 
1.2,394.  70 

2,291.00 
2,291.00 
2,291.00 

4,601.10 
4,685.70 
4,685.  70 

298.  53 
298.  53 
298.  53 

932.  21 
789. 10 
806.  53 

3,894.76 
4,191.47 
4,0.32.  78 

5,125.50 
5,279. 10 
5,137.  84 

7,099.  50 

0,87.3.00 

13,972.50 

895.  59 

2,. 527. 84 

12,119. 01 

15,542.44' 

1 

1, 029. 50 

1, 834.  GO 

2, 863. 50 

92.67 

843.00 

2, 869.  45 

3, 805. 12 

J 

f  779.40 
\    674. 10 
t    591. 10 

2,797.90 
2,879. 10 
2,900.00 

3,577.30 
3,553.20 
3,491. 10 

151.60 
151. 60 
151.60 

490.50 
494.  .30 
626!  70 

3,415.85 
2  933.  95 
3^573!  19 

4,057. 95 
3,579. 85 
4|35L49 

2,044.  60 

8,577.00 

10,621.60 

454. 80 

1,611.50 

9,922.99 

11,989.29 

1  ' 

(  629.50 
a, 949.  60 
12,420. 10 

2,478.60 
2,200.70 
1,731.80 

3,108. 10 
4,150.30 
4,151.90 

97. 15 
97.15 
97. 15 

913.  45 
1,758. 80 
1,757. 04 

3,952.69 
3,479.03 
3,653.96 

4,963.  29 
5,335. 04 
5,508. 15 

4,999.20 

0,411.10 

11,410.  30 

291.  45 

4,429.35 

11,085.68 

15,806.  4S 

1 

2,897.  50 

3,832.00 

6,729.50 

97.15 

1,075.55 

5,939.07 

7,112. 37 
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Table  114. — Record  of  oxygen  in  ventilating  air  current  and  respiratory  quotient,  metab- 
olism experiments  Nos.  56-58  and  60-67 . 


Date. 


I90.i. 
Apr.  27  . 


Apr.  27-28 


Apr.  28-29  . 


Apr.  2»-30  . 


May  7  

May  7-8.... 


Period. 


Preliminary  to  ex- 
periment No.  56. 


1  a.  m  

1  a.  m.  to  7  a.  in. 


(a) 


o  o  o 


Liters. 
976.40 
972. 14 


F.I periment  No.  S6. 

7  a.  111.  to  1  p.  Ill  ... 
1  p.  III.  to  7  p.  Ill . .  . 
7  p.  III.  to  1  a.  Ill ...  I     944. 09 


1  a.  111.  to  7  a.  111. . . 

Total,  1  day. . 

7  a.  111.  to  10  a.  ill. . . 
10  a.  111.  to  1  p.  m  .  . 

Total,  (j  hours 

1  p.  m.  to  4  p.  Ill  

4  p.  m.  to  7  p.  m  

Total,  0  hours 

7  p.  ni.  to  10  p.  m... 
10  p.  III.  to  1  a.  m  .  . 

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  in.  to  7  a.  in  

Total,  B  hours 

Total,  1  day. . 

7  a.  in.  to  10  a.  m  . . 
10  a.  m.  to  1  p.  m .  . 

Total,  6  hours 

1  p.  m.  to  4  p.  m  . . . 
4  p.  m.  to  7  p.  m  . .. 

Total,  ()  hours 

7  p.  m.  to  10  p.  m  . . 
10  p.  111.  to  1  a.  m  . . 

Total,  6  hours 

1  a.  in.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  0  hours 

Total,  1  day.. 

Total,  3  days. 

Experiment  No.  67. 

7  a.  Ill  


7  a.  in.  to  10  a.  m  . . 
10  a.  in.  to  1  p.  m  .  . 

Total,  0  hours 


882. 19 
897.  66 


Oxygen. 

Gain  (+)  or  loss 
(  — )  over  pre- 
ceding period. 


(6) 


Liters 
-  "4.'26 


967.  44 


867. 83 
868.70 


836. 01 
887. 94 


900.32 
891.  78 


904.87 
936. 17 


862.  28 
874. 62 


810. 61 
835.47 


872. 72 
851.41 


854.54 
871.62 


1,02.5.26 


956. 54 
938. 19 


-  89.95 
+  15.47 
+  47.03 
+  22.75 


4.70 


-  99.61 
+  .87 


-  32.69 
+  51.93 


+  19.24 


+  12.38 
-  8.54 


+  3.84 


13.09 
31.30 


+  44.39 


31.27 


-  73. 
+  12.34 


61. 55 


-  64.01 
+  24.86 


-  39.15 


+  37.25 
-  21.31 


+  15.94 


+  3. 13 
+  17.08 


+  20.21 


-  64.55 


-100.52 


-  68.72 

-  18.35 


87.07 


(c) 


tod 


Grams. 


-  6.09 


- 128. 50 
-I-  22.10 
+  67.19 
-I-  32.50 


6.71 


- 142. 30 
-H  1.24 


-141.06 


-  46.70 
+  74.19 


27.49 


+  17.69 
-  12.20 


-f-  5.49 


+  18.70 
-H  44.71 


-h  63.41 


44. 67 


-105. 56 
-t-  17.63 


(d) 


if 


Grams. 


135.35 


455. 89 
624.  70 
271.  73 
186.  21 


V. " 


Grams. 


141. 44 


584.  39 
602.60 
204.  54 
153.  71 


1,538.  .53  1,54.5.  24 


199. 83 
361. 39 


342. 13 
360.15 


561. 22    702. 28 


285. 94 
320. 06 


332. 64 
251.87 


612. 00    584. 51 


139.91 
79. 73 


122.  22 
91.93 


219. 64    214. 15 


99. 59 
115. 44, 


80.89 
70. 73 


215. 03    151. 62 


l,607.89!l,a52.56 


195. 95 
268.51 


87. 93      464.  46 


-  91.44 
-I-  35.51 


-  55.93 


+  53.21 
-  30.44 


-t-  22.77 


-t-  4.47 
+  24.40 


28.  87 


-  92.22 


-143.00 


98. 17 
26. 21 


-124.38 


222. 34 
324. 50 


546.  84 


163.  33 
75. 64 


238. 97 


86. 10 
89. 21 


175. 31 


.1,425.58 


301.51 
2.50. 88 


(/) 


O  . 

ZS 


Liters. 


99.0 


.409. 1 
421.8 
143.2 
107.6 


(9) 


03  d 


Liters. 


83.4 


1,081.7 


239.5 
252.1 


491.0 


232.8 
170.3 


85.6 
64.4 


353.2 
346.  0 
121.  1 
83. 1 


904.0 


174.9 
209.1 


384.0 


183.6 
149.5 


333.1 


69.3 
.52.  7 


150.0 


56.6 
49.5 


106.1 


1,156.8 


211. 1 
175.6 


552.  39 


313.  78 
288.99 


602. 77 


110. 12 
106. 08 


216. 20 


81.63 
64.81 


146.  44 


386.7 


219.6 
202.3 


421.9 


77.1 
74.3 


151.4 


57.1 
45.4 


102.5 


1,517.  801,062.5 


4,572.004,715.60 


192.48 
329.65 


522.13 


290.65 
355. 86 


646.51 


3,301.0 


203.  .50 
249. 10 


452.60 


122.0 


44.4 
39.9 


84.3 


923.4 


175.2 
139.6 


314.8 


187.4 
160.8 


348.2 


66.0 
52.5 


118.5 


45.0 
37.7 


82.7 


864.2. 


2,691.6 


197.00 
237. 00 


434.00 
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Table  114. — Record  of  oxygen  in  ventilat  ing  air  current  and  respiratory  quotient,  metab- 
olism experiments  Nos.  56-58  and  60-67 — Continued. 


Date. 


1903. 
May  7-8. 


May  8-9.... 


May  9-10. 


Period. 


Experiment  No.  S7 — 
Continued. 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6  hours 

7  p.  m.  to  10  p.  m  . . 
10  p.  m.  to  1  a.  m  .  . 

Total,  6hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  10  a.  m  . . 
10  a.  m.  to  1  p.  m  .  . 

Total,  6  hours 

1  p.  m.  to  4  p.  m  . . . 
4  p.  m.  to  7  p.  m .. . 

Total,  6  hours 

7  p.  m.  to  10  p.  m  . . 
10  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m.. 

Total,  6  hours 

Total,  1  day. . 

7  a.  m.  to  10  a.  m  . . 
10  a.  m.  to  1  p.  m  .  . 

Total,  6  hours 

1  p.  m.  to  4  p.  m  . .. 
4  p.  m.  to  7  p.  m  . .. 

Total,  6  hours 

7  p.  m.  to  10  p.  m  . . 
10  p.  m.  to  1  a.  m  .  . 

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day. 

Total,  3  days 


(a) 


o  o  o 


Liters. 
901. 94 
925. 37 


944.  73 
936.29 


990. 95 


899. 75 
917.88 


886.64 
891.  48 


921.  74 
928. 95 


923.  22 


820. 92 
810.  42 


779.  65 
863.  68 


868. 71 
864.  26 


870  03 
878.28 


Oxygen. 

Gain  (  +  )  or  loss 
(— )  over  pro- 
ceding  period. 


(6) 


Liters. 
-  36.25 
+  23.43 


-  12.82 


+  19.36 
-  8.44 


10. 92 


+  12.19 
+  42.47 


+  54.66 


-  34.31 


-  91.20 
+  18.13 


-  73.07 


-  31.24 
+  4. 


-  26.40 


+  30.26 
+  7.21 


37.47 


-  39.29 
+  33.56 


5. 73 


-  67.73 


-102.30 
-  10.  .50 


-112.80 


-  30.77 
+  84.03 


+  53.26 


+  5.03 
-  4.45 


.58 


+  5.77 
+  8.25 


14.02 


-  44.94 


-146. 98 


sod 


Grams. 
-  51.78 
+  33.47 


-  18.31 


+  27.66 
-  12.06 


+  15.60 


+  17.41 
+  60.67 


+  78.07 


-  49.01 


-130.29 
-4-  25.90 


-104. 39 


-  44.64 
+  6.92 


-  37.72 


+  43.23 
+  10.30 


+  53.53 


-  56.13 
+  47.95 


8. 18 


-  96.76 


Grams. 
234. 38 
355. 66 


590. 04 


141.54 
76.  66 


218. 20 


106.  61 
122.  77 


229.38 


1,559.75 


111.  22 
317.  76 


428. 98 


208. 19 
342.55 


550. 74 


166. 55 
98. 13 


264.68 


104.  45 
117.22 


221. 67 


1,466.07 


-146. 15 
-  15.00 


-161. 15 


-  43.96 
-H120. 04 


+  76.08 


4-  7.19 
-  6.36 


.83 


+  8.25 
+  11.79 


-I-  20.04 


-  64.20 


-209. 97 


154.  67 
395. 63 


550.  30 


311.98 
280. 22 


592. 20 


114.09 
79. 3' 


193.  46 


74.73 
81.90 


156. 63 


1,492.59 


4,578.41 


(f) 

is 

°^ 

O  M  - 

S  5  o 


Grams. 
280. 16 
322. 19 


608.35 


113.88 
88.72 


202. 60 


89. 20 
62. 10 


151. 30 


1,608.76 


241. 51 
291. 86 


533. 37 


252. 83 
335. 63 


588. 46 


123.  32 
87. 86 


211. 15 


(/) 


bjnO 

o 

o  © 


Liters. 
200. 30 
225. 50 


425.80 


79.70 
62. 10 


141. 80 


62.40 
43.50 


105. 90 


1,126. 10 


169. 10 
204. 30 


373.40 


177.00 
234. 90 


411.90 


86. 30 
61.50 


147. 80 


160. 581 
69. 27| 


112.  40 
48. 50 


229. 85:    160. 90 


1,562.83  1,094.00 


300.82 
410. 63 


355. 94 
160. 18 


516. 12 


106. 90 
85. 73 


192. 63 


66. 48 
70.11 


136. 59 


1,556.79 


4,728.38 


210.60 
287.40 


498.00 


249. 20 
112. 10 


361. 30 


74.80 
60.00 


134.80 


46.60 
49.10 


95.70 


1,089.80 


3,309.90 


(?) 


.O  to 


2« 
S  o 


Liters. 
174.40 
223. 50 


397. 90 


84.10 
59.00 


143. 10 


44.60 
45.90 


90.50 


1,065.50 


168.70 
199. 50 


308. 20 


184.50 
215.00 


399.50 


84.80 
71.10 


155.90 


43. 10 
45.80 


88.90 


1,012.50 


212. 90 
249.90 


402.80 


202.  20i 
102.  60| 


304. 80 


84. 70 
53.40; 


138.10 


43.90 
44.70 


88.60 


994.30 


3,072. 30: 
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Table  114. — Record  of  oxygen  in  ventilating  air  current  and  respiratory  quotient,  metab- 
olism experiments  iVos.  56-68  and  60-67 — Continued. 


Date. 

Period. 

Oxygen. 

(/) 

□ 

0 

y.  <u 
0  . 

0  V 

0;  a 

3 
0 

Volume  of  carbon  di-  g. 
oxid  exhaled.  ^ 

Respiratory  quotient,  ^ 

Total  amount  in  ^ 
chamber  at  end  g 
of  period. 

Gain  (+ 
(- )  o\ 
ceding 

(b) 

a 

0 

)  or  loss 
er  pre- 
period. 

(c) 

bjj'o 

Amount  admitted  .r- 
to  chamber.  ^ 

Corrected  amounts 
consumed  by  sub-  g 
ject,  d—c. 

1903. 
Nov.  10 

Preliminary  to  ex- 
periment No.  M. 

1  a.m  

^93[.20 

88.'}  37 

Liters. 

Grams. 

Liters. 

Nov.  10-11  . 
Nov.  11-12.. 
Nov.l2-l.'i.. 

1904. 
Jan.  2H-27.. 

Jan.  27 

1  a.m. to  7  a. m  

Experiment  No.  B8. 

7  a. m.  to  1  p.m.... 

1  p.m. to  7  p. Ill  

7  p.m. to  1  a.m  

1  a.m. to  7  a.m  

Total,  1  day 

7  a.m. to  1  p.m 

1  p.m.  to  7  p.m  

7  p.m. to  1  a.m 
1  a.m. to  7  a.m  

Total,  1  dav 

7  a.m.  to  1  p.m  

1  p.m. to  7  p.m  

•7  p.  m.  to  1  a.  m 

I  it-  ill .         1  (1,111.  . 

Total,  1  day 

Total,  3  days. 

Preliminary  to  ex- 
periment No.  60. 

II  p.m  

-45.82 

-  65.47 

45  34 

1 10  83 

77., 58 

59  99 

0  7733 

8,54.92 
845.98 
819. 12 
853.41 

-30.45 
-  8.94 
+  3.14 
+  4.29 

-  43.50 

-  12.77 
+  4.49 
+  6.13 

78.20 
137.66 
142. 74 
124. 25 

121.70 
150. 43 
1.38. 25 
lis. 12 

85.19 
105.30 
96. 78 
82.68 

67.60 
95.23 
85.72 
71.21 

.  7935 

.9044 
.8856 
.8612 

-31.96 

—  45.65 

482. 85 

528.50 

.369.95 

319.76 

.8643 

865  23 
874!  64 
816. 24 
876! 07 

+  11.82 
+  9.41 
-28.40 
+29.83 

+  16.89 
+  13.44 
-  40.57 
+  42.61 

172. 46 
148! 86 
97. 84 
I62! 19 

155.  .57 
135! 42 
138. 41 
119! 58 

108.90 
94.79 
96.89 
83.71 

81. 73 
91!  37 
8.5  .53 
69!  51 

7505 
]  9(341 

8827 
!8304 

+22.66 

+  32.37 

581.35 

548. 98 

3,84.29 

328. 14 

.  8539 

853.. 59 
881.26 
850  74 
8.59!  56 

-22.48 
+  27.67 
-30.  .52 
+  8.82 

-  32.11 
+  39.53 

-  43.60 
+  12.60 

125.12 
196. 12 
103  11 
14i!20 

157. 23 
1.56.59 
146  71 
128! 60 

110.06 
109.61 
102.70 
90.02 

93.75 
105.08 
87  33 
73!  40 

.8518 
.9467 
8506 
!8154 

-16.51 

-  23.58 

565.55 

,589. 13 

412.39 

359.56 

.8719 

-25.81 

-  36.86 

1,629.75 

1,666.61 

1,166.63 

1 y UU / • 40 

8635 

962  12 

11  p.m. to  1  a.m  

1  a.m.  to  4  a.m  

4  a.m.  to  7  a.m  

Total,  8  hours 

Experiment  No.  80. 

7  a.  m  

962. 47 
976! 46 
992.78 

+  .35 
+  13.99 
+  16.32 

+  .50 
+  20.00 
+  23.31 

34.71 
72.77 
77.43 

34.21 
52.77 
54.12 

23. 95 
36.94 
37.88 

30!65 
31. -13 

y4'^8 

!  8297 
.8297 

+30.66 

+  43.81 

18^.91 

141.10 

98.77 

84.66 

.8572 

9&5.41 

119. 18 
82.52 

Jan.  27-28.. 

7  a.  m.  to  10  a.  m.. . 
10  a.  m.  to  1.  p.  m  

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  10  p.  m... 
10 p.  ra.  to  1  a.  m. . . 

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day 

991.54 
997.77 

+  6.13 
+  6.2.1 

+  8.76 
+  8.90 

110.42 
73.62 

77.29 
51.53 

64.54 
49.63 

.8350 
.9631 

+  12.36 

+  17.66 

201.70 

184.04 

128. 82 

114.17 

.8862 

1,006.99 
1,019.43 

+  9.22 
+ 12. 44 

+  13.17 
+  17.77 

101.50  88.33 
94.. 56  76.79 

61.83 
53.75 

54.45 
50.26 

.8805 
.  9351 

+21.66 

+  30.94 

196.06 

165.12 

115.. 58 

104.71 

.9060 

1,030.65 
1,056.73 

+  11.22 
+26.08 

+  16.03 
+  37.26 

114.27 
95.97 

98.24 
58.71 

68.77 
41.10 

60.89 
42.99 

.8855 
1.0490 

+,37.30 

+  53.29 

210.24 

156.95 

109.87 

103.88 

.9455 

1,058.65 
1,0.56.10 

+  1.92 
-  2.55 

■+  2.74 
-  .3.6-1 

55.20 
61.20 

52.46 
64.84 

36.72 
45.39 

32.51 
37.08 

.8853 
.8169 

-  .63 

-  .90 

116.40 

117.30 

82.11 

69.59 

..8474 



+70.69 

+  100.99 

724.40 

623.41 

436.38 

392.. 35 



.8991 
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Table  114. — Record  of  oxygen  in  ventilating  air  current  and  respiratory  quotient,  metah- 
olism  experiments  Nos.  56-58  and  60-67 — Continued. 


Date. 

Period. 

Oxygen. 

(/) 

a 

o 

V  ; 
too 

bx 

o 

a  a 

o 

> 

Volume  of  carbon  di-  ^ 
oxid  exhaled.  S. 

(ft) 
c 

o 

o 
3 
o* 

o  ^ 

'S. 

CO 

cy 

rt 

Total  amount  in 
chamber  at  end  "e 
of  period. 

Gain  (  + 
(— )  ov 
ceding 

(6) 

■  1 
> 

)  or  loss 
er  pre- 
period. 

(c) 

Amount  admitted  .g- 
to  chamber.  •S' 

Corrected  amounts 
consumed  by  sub- 
ject,  d—c. 

1904. 
Jan.  28-29.. 

Jan.  29-30.. 
Jan.  ao-Sl.. 

Experiment  No.  60 — 
Continued. 

7  a.  m.  to  10  a.m. .. 
10  a.  m.  to  1  p.  m. . . 

Total.eiiouTs 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m . . . 

Total,  6  hours 

7  p.  m.  to  10  p.  m.. . 
10  p.  m.  to  1  a.  m.. . 

Total,  (i  hours 

1  a.  m.  to  4  a.  ra  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day 

7  a.  m.  to  10  a.  m... 
10  a.  m.  to  1  p.  m.. . 

Total,  6  hours 

1  p.  m.  to  4  p.  m . . . 
4  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  10  p.  m.. . 
10  p.  m.  to  1  a.  m.. . 

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day 

Total,  3  days 

Experiment  No.  (11. 

7  a.  m.  to  10  a.  m.. . 
10  a.  m.  to  1  p.  m.. . 

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m . . . 

Total,  6  hours 

7  p.  m.  to  10  p.  m.. . 
10  p.  m.  to  1  a.  m.. . 

lUl>ai,DllULlia 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day 

Liters. 
984.38 

926  81 

Liters. 

-  71.72 

-  57.57 

Grams. 
-102.46 
-  82.24 

Grams. 
11.33 
1.82 

Grams. 
113.79 

84. 06 

Liters. 
79.66 
58. 84 

Liters. 
63.59 
52.28 

0:7982 
.  8885 

-129.29 

-184.70 

13. 15 

197. 85 

138.50 

115.87 

.8366 

903.37 
yui. .  z* 

-  23.44 

-  2.10 

-  33.49 

-  3.00 

57.00 
77.  OS 

90.49 
80. 03 

63.34 

56. 02 

55.26 
50.65 

.8725 
.9041 

-  25., W 

-  36.49 

134.03 

119.36 

105.91 

.8873 

886.40 

OiSL.  t*i 

-  14.87 

-  4.66 

-  21.24 

-  6.66 

78.08 
45.45 

99.32 
52. 11 

69.52 
36.48 

64.59 
36.10 

.9290 
.9895 

-  19.53 

-  27.90 

123  52 

151.43 

106.  OC 

100.69 

.9500 

865.88 
845. IC 

-  15.86 

-  20.78 

-  22.66 

-  29.69 

30.36 
24. 76 

53.02 
54.45 

37.11 
38. 12 

32.66 
32.46 

.8801 
.8516 

-  36.64 

-  52.35 

55. 12 

107. 47 

75.22 

65.12;  .8656 

-211.00 

-301.44 

325. 83 

627.27 

439.09 

387.59  .8827 

892. 13 
932. 79 

+  47.03 
+  40.06 

+  67.19 
+  58.09 

164  77 
149^23 

97.58 
91.14 

68.31 
63  .^C 

60.33 
59.18 

.8822 
.9282 

-f-  87.69 

+125.28 

314.00 

188.72 

132. 11 

119.51 

.9046 

905.50 
919.83 

-  27.29 
+  14.33 

-  38.99 
+  20.47 

51.71 
110.44 

90.70 
89.97 

63.49 
62.97 

57.88 
62.88 

.9117 
.9985 

-  12.96 

-  18.  .52 

162. 15 

180.67 

126.46 

120.76 

.9549 

891.93 
916. 75 

-  27.90 
-f  24.82 

-  39.86 
+  35.46 

53.58 
91.08 

93.44 
55.62 

65.41 
38.93 

60.48 
42.04 

.9246 
1.0800 

-  3.08 

-  4.40 

144.66 

149.06 

104.34 

102.52 

.9824 

924.42 
930.29 

+  7.67 
+  5.87 

+  10.96 
+  8.39 

68.30 
68.32 

57.34 
59.93 

40. 14 
41.95 

33.04 
35.40 

.8232 
.8439 

+  13.54 

-1-  19.35 

136.62 

117.27 

82.09 

68.44 

.8337 

4-  85.19 

-1-121.71 

757.43 

635. 72 
1,886.40 

445.00 

411.23 

.9243 

—  55. 12 

—  78. 74 

1,807.66 

1,320.47 

1,191.17 

.9021 

835.31 
840.35 

-  94.98 
+  5.04 

-135.69 
+  7.20 

130. 73 
340.97 

266.42 
333. 77 

186.49 
233. 64 

1&5. 18 
201.85 

.9930 
.8038 

-  89.94 

-128.49 

471.70 

600. 19 

420. 13 

387.03 

.9212 

851.23 
874.98 

-1-  10.88 
+  23.75 

+  15.54 
+  33.93 

235.58 
206. 79 

220.04 
172.85 

154.03 
120.99 

136. 13 
107. 49 

.8838 
.8901 

+  34.63 

+  49.47 

442.36 

392. 89 

275.02 

243.62 

.8858 

886.95 
883.57 

+  11.97 
—  3.38 

+  17.10 
—  4.83 

124.13 
69.51 

107.03 
74.34 

74.92 
52.04 

60.06 
4.5.68 

.8017 
.8778 

-1-  8.59 

-t-  12.27 

193.64 

181.37 

126.96 

105. 74 

.8328 

889.54 
891.29 

+  5.97 
+  1.75 

+  8.53 
-1-  2.50 

80.74 
64.93 

72.21 
62.43 

50.54 
43.70 

42.02 
35.95 

.8314 
■  .8227 

+  7.72 

+  11.03 

145.67 

134.64 

94.24 

77.97 

.8273 

-  39.00 

-  55.72 

1,253.37 

1,309.09 

916.35 

814.36 

.8887 
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Table  114. — Record  of  oxygen  in  ventilating  air  current  and  respiratory  c^uotient,  metab- 
olism experiments  Nos.  56-58  and  60-67 — Continued. 


Date. 

Period. 

Experimeiil  Xo.  H:. 

1904. 

Apr.  Ifi  

7  ji.  Ill . 

Apr.  10-17. 

7  ii.  ni.  to  10  a.  in.. . 

10  a.m.  to  1  p.m  . . . 

Total,  6  hours 

1  p.m. to  4  p.m  

4  p.m. to  7  p.m  .*. . . 

Total,  6  hours 

7  p.m.  to  10  p.m  . . . 

10  p.m.  to  1  a.m  ... 

Total,  6  hours 

1  a.m. to  4  a.m. 

4  a.m.  to  7  a.m 

Total,  6  hours 

Total,  1  day 

Apr.  17-18.. 

7  a.  m.  to  10  a.  ni.. . . 

10  a.m. to  1  p.m  ... 

Total,  6  hours 

1  p.  m.  to  4  p.  m  . . . . 

4  p.  m.  to  7  p.  m  

Total,  0  hours 

7  p.  m.  to  10  p.  m.. . 

10  p.  m.  to  1  a.  m.. . 

Total,  (i  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day 

Apr.  18-19.. 

7  a.  m.  to  10  .a.  m.. . 

10  a.  m.  to  1  p.  m.. . 

Total,  ()  hours 

1  p.  m.  to  4  p.  m  . . . 

4  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  10  p.  m.. . 

10  p.  m.  to  1  a.  ra.. . 

Total,6hou  rs 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total, ehours 

Total,  1  day 

Total, ;!  davs 

Oxygen. 


(o) 
—  c 

<1> 
C  *J 

§  t..-d 

G  (D  o 

■31°- 

o  o  o 


Gain  (+)  or  loss 
(— )  over  pro- 
ceding  period.  I 


(6) 
B 


Liters. 
846.76 


Liters. 


769. 73 
821.97 


801.) 9 
835.93 


868. 13 
859.56 


874.34 
876. 75 


785.48 
813.42 


775.65 
794.25 


814.  .38 
806.98 


806.46 
805.10 


745.10 
755. 46 


751.01 
769.94 


782. 14 
793.01 


-77.03 
+52.24 


-24.79 


-20.78 
4  34.74 


+  13.96 


+32.20 
-  8.57 


+23.63 


+14.78 
+  2.41 


+  17.19 


(O 


bed 


Grams. 


-110.04 
+  74.63 


-  35.41 


-  29.69 
+  49.63 


+  19.94 


+  46.00 
-  12.24 


+  33.76 


+  21.11 
+  3.44 


id) 


0+; 

E 

< 


Grams. 


1.57. 12 
329. 18 


486.30 


230.80 
307.44 


538.24 


147.87 
80.67 


228.54 


89.11 
72.32 


+  24.55 


+29.99 


-91.27 
+  27.94 


-63.33 


-37.77 
+18.60 


-19.17 


+20. 13 
-  7.40 


+  12.73 


-  .52 

-  1.36 


-71.65 


+  42.84 


-130.39 
+  39.91 


90.48 


-  53.96 
+  26.57 


161.43 


1,414.  .51 


154. 19 
292.99 


447.18 


202.55 
279.23 


27.391  481.78 


+  28.76 
-  10.57 


141.54 
74.49 


+  18.19 


.74 
1.94 


-  2.6 


-102.36 


-60.00 
+10.30 


-49.64 


-  4.45 
+  18.93 


+  14.18 


+  12.20 
+  10.87 


+23.07 


-  85.71 
+  14.80 


70.91 


-  6.36 
+  27.04 


+  20.68 


+  17.43 
+  15.53 


+  32.96 


777.36 
776.52 


—  15.65 

-  .84 


-16.49 


-2S..58 


-70.24 


22.36 
1.20 


216.03 


71.45 


188.27 
275.21 


463.48 


270. 48 
267.28 


,538.76 


137.79 
90.53 


228.32 


54.01 
74.86 


-  23.56 


40.83 


-100.3-5 


128.87 


1,,3.58. 43 


(0 

c  S 
°£ 

x>  g  I 

h  W 

u  o  ^ 
O 


Grams. 


267.16 
254.55 


521.71 


260.49 
257.81 


518.30 


101.87 
92.91 


194. 78 


68.00 
08.88 


136. 88 


1,371.67 


284.58 
253.08 


537.66 


256.51 
2.52.66 


509.17 


112.78 
85.06 


197.84 


72.19 
70.81 


(/) 


o  ^ 

6S 


Liters. 


187.01 
178.19 


365.20 


182.34 
180.4 


362. 81 


71.31 
65.04 


136.35 


47.60 
48.22 


95.82 


960. 18 


199.21 
177.16 


376.37 


179.56 
176.86 


356.42 


78.95 
59.54 


138.49 


50.53 
49.57 


273.98 
260.41 


534.39 


276.84 
240.24 


517.08 


120.36 
75.00 


195.36 


76.37 
76.06 


152.43 


1,399.26 


(9) 


■2-s 


BS 


Liters. 


171.83 
158.67 


330.  .50 


162.71 
164. 82 


327.  .53 


.58.00 
58.28 


116.28 


48.05 
41.04 


89.09 


803.40 


174. 26 
169.48 


343.74 


164.08 
160.23 


.324. 31 


70.72 
54. 


125.60 


41.66 
42.  .58 


84.24 


877.89 


191.70 
182.29 


374.08 


193. 79 
168. 17' 


361.90 


84.25 
52.50 


136.75 


53.46 
53.24 


106.70 


979. 49 


168.42 
166. 38i 


334.80 


171.00 
148.83 


319.83 


76. 76' 
47.351 


124.11 


43.70 
44.06 


87.76 


866., 50 


4, 0,58. 25  4, 158. 60:2, 91 1 . 05  2, 607. 79 
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Table  114. — Record  of  oxygen  in  ventilating  air  current  and  respiratory  quotient,  metab- 
olism experiments  Nos.  56-58  and  60-67 — Continued. 


Date. 

Period. 

Total  amount  in  i 
chamber  at  end  "o  1 
of  period.           ^  ' 

Gain  (  + 
(-)  0 
ceding 

(6) 

a 

> 

Oxygen. 

)  of  loss 
ver  pre- 
period. 

(c) 

-J; 

Amount  admitted  -g- 
to  chamber.  S 

Corrected  amounts  ^ 
consumed  by  sub-  2l 
ject,  d—c.  '~' 

Volume  of  oxygen  con-  q 
sumed,  eXO.7.  C: 

(?) 

■3 
fl  . 

■Ss 

O.C 
■gg 

°x> 
(D'r: 

sg 

3 
> 

Respiratory  quotient, 

1904. 
Apr.  18-19.. 

Apr.  19-20.. 
Apr.  20-21 . 
Apr.  21-22 . 

Experiment  No.  63. 
7  a.  m  

Liters. 
776. 52 

Liters. 

Grams. 

Grams. 

Grams. 

Liters. 

Liters. 

7  a.  in.  to  10  a.m. . . 
10  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

1  p.  m.  to  4  p.  m  . . . 
4  p.  m.  to  7  p.  m . . . 

Total,  6  hours 

7  p.  m.  to  10  p. m.. . 
10  p.  m.  to  1  a.  m . . 

Total,  6  hours 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  e  hours 

Total,  Iday 

7  a.  m.  to  10  a.  ni. . . 
10  a.  m.  to  1  p.  ni  . . 

Total,  6  hours 

1  p.  m.  to  4  p.  m  .. . 
4  p.  m.  to  7  p.  m  . . . 

Total, 6  hours 

7  p.  m.  to  10  p.  m  .  . 
10  p.  m.  to  1  a.  m  .  . 

Total,  6  hours 

1  a.m.  to  4  a. m  

4  a.m.  to  7  a. m  

Total, 0  hours 

Total,  Iday 

7  a.m.  to  10 a. m  

10  a.  m.  to  1  p.  m  

Total, 6  hours 

lp.m.to4p.m  

4  p.  m.  to  7  p.  m  

Total,  0  hours 

7p.  m.  to  lOp.  m  

10  p.  m.  to  1  a.  m  

Total,  6  hours 

la.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  Iday 

Total,  3  days 

718.03 
754. 86 

-  58.49 
-1-  36.83 

-  83.56 
+  52.61 

202. 86 
304. 45 

286. 42 
251.84 

200. 49 
176.29 

167. 64 
153. 37 

0.8362 
.8691 

-  21.66 

-  30.95 

.507.31 

538. 26 

376.78 

321. 01 

.8520 

723. 12 
766. 12 

-  31.74 
+  43.00 

-  45.34 
+  61.43 

239. 08 
290. 60 

284. 42 
229. 17 

199. 09 
160.42 

163. 99 
130. 57 

.8237 
.8139 

+  11.26 

+  16.09 

529. 68 

513.59 

359. 51 

294.56 

.8194 

778. 35 
771.98 

+  12.23 
-  6.37 

+  17.47 
-  9.10 

134. 41 
75.77 

116.94 
84.87 

81.86 
59. 41 

62.21 
52.95 

.7600 
.8913 

+  5.86 

+  8.37 

210.18 

201. 81 

141.27 

115.16 

.8152 

767. 49 
754. 62 

-  4.49 

-  12.87 

-  0.41 

-  18.39 

73.65 
56. 78 

80.06 
75. 17 

56. 04 
52.62 

42.62 
42.07 

.7605 
.7995 

-  17.36 

-  24.80 

130. 43 

155.23 

108. 66 

84.69 

.7796 

-  21.90 

-  31.29 

1,377.60 

1,408.89 

986.22 

815. 42 

.8268 

702. 81 
732. 64 

-  51.81 
-1-  29.83 

-  74.01 
+  42.61 

217.51 
302. 86 

291. 52 
260.25 

204. 06 
182. 18 

163.65 
154.36 

.8020 
.8473 

-  21.98 

-  31.41 

520.37 

551.77 

386.24 

318.01 

.  8234 

758. 95 
777. 28 

•t-  26.31 
+  18.33 

+  37.59 
+  26.19 

316. 19 
269. 24 

278. 60 
243.05 

195. 02 
170. 14 

1.53. 34 
134.04 

.7803 
.7878 

+  44.64 

+  63.78 

585.43 

521.65 

365. 16 

287.38 

.7870 

851.78 
856. 90 

+  74.50 
+  5.12 

+  106. 43 
+  7.31 

225. 18 
107. 67 

118. 75 
100. 36 

83.13 
70.25 

63.01 
55.89 

.7580 
.  7950 

-1-  79.62 

+  113.74 

332.85 

219. 11 

153.38 

118.90 

.7752 

874. 77 
865. 16 

+  17.87 
-  9.61 

+  25.  .53 
-  13.73 

100.85 
72.42 

75.32 
86. 15 

52.72 
60.31 

35. 72 
44.81 

.6775 
.7430 

+  8.26 

+  11.80 

173. 27 

161.47 

113.03 

80.53 

.7125 

-1-110.54 

+  157.92 

1,611.92 

1,454.00 

1,017.81 

804. 82 

.7907 

855.8.5 
881.71 

-  9.31 
+  25.86 

-  13.30 
+  36.94 

264. 7(i 
302. 20 

278.00 
265. 26 

194. 64 
185.68 

156. 45 
146.28 

.8038 
.7878 

+  16.55 

+  23.64 

506. 96 

543.32 

380.32 

302. 73 

.7960 

905. 07 
940.42 

+  23.36 
+  3.5.35 

+  33.37 
+  50.50 

329. 71 
283. 45 

296.34 
232. 95 

207. 44 
163.07 

163.59 
133.80 

.7880 
.8205 

-t-  58.71 

+  83.87 

613.16 

529. 29 

370. 51 

297. 39 

.8227 

1,012.66 
1,019. 65 

+  72.24 
+  0.99 

+  103.20 
+  9.99 

229. 55 
104. 10 

126.35 
94.11 

88. 45 
65.88 

63.52 
54.56 

.7181 
.8282 

-1-  79.23 

+  113. 19 

333. 65 

220. 46 

154. 33 

118.08 

.7651 

1,021.37 
1,033.12 

+  1.72 
-1-  11.75 

+  2.46 
+  16.79 

87.58 
92.94 

85. 12 
76. 15 

59. 58 
53.31 

44. 04 
41.34 

.7392 
.7755 

-1-  13.47 

+  19.25 

180. 52 

151.27 

112.89 

85.38 

.7562 

-1-167. 96 

+239.95 

1,694.29 

1,454.34 

1,018.05 

803.58 

.7893 

+256.  GOj  +360.58 

4, 083. 81 

4,317.23 

3,022.08 

2,423.82 

.8020 
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Table  114. — Record  of  oxygen  in  ventilating  air  current  and  respiratory  quotient,  metab- 
olism experiments  Nos.  56-58  and  60-67 — Continued. 


reriod. 


(a) 


S 

o  o  o 


Gain 
(-) 
cedi 


Oxygen. 

(+)  or  loss 
over  pre- 
ng  period. 


(.!>) 


bed 


a  3 

°  b 
Sf  ■ 

•og  I 

si- 


(0 


Bo 

3 


(ft) 


Experiment  No.  6i. 
7  a.  m  


Liters. 
1,033. 12 


Liters. 


Grams. 


Grams. 


Grams. 


Liters. 


Liters. 


7  a.  m.  to  10a.  in. 


990.47 


lOa.m.tolp.m  I  1,017.10 

Total,  6  hours  


-  42.6.5 
+  26.63 


-  60.  as 

+  38.04 


277.38 
308. 70 


338. 31 
270. 60 


236. 82 
189. 46 


187.60 
155. 10 


0. 7922 
.8186 


15.02 


22.89 


586.08 


608.97 


426. 28 


342.70 


.8039 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  in. 


Total,  6  hours 

7  p.  in.  to  10  p.  m  

10  p.  m.  to  1  a.  m  

Total,  0  liours 

1  a.  ni.  to  4  a.  in . . .  . 
4  a.  m.  to  7  a.  in  

Total,  6  hours 

Total,  1  day. . 

Experiment  No.  6.5. 

7  a.  m.  to  10  a.  ni  

10 a.  in.  to  1  p.  in  

Total,  0  hours 


1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  in. 


976. 15 
1,007.64 


-  40.95 
+  31.49 


-  58.50 
+  44.99 


284. 17 
331.36 


342.67 
286.37 


239. 87 
200. 46 


199.60 
171.27 


.8321 
.8544 


8. 46 


13. 51 


615.53 


629.04 


440.33 


370. 87 


.8424 


970.01 
1,007. 14 


-  37.63 
+  37.13 


-  53.76 
+  53.04 


285.27 
290.30 


339. 03 
237. 26 


237. 32 
166.08 


195. 53 
127.11 


.8239 
.7654 


-  .50 


-  .72 


575. 57 


576.29 


403.40 


322. 64 


.7998 


1,012.89 
1,028.45 


+  5. 75 
+  1.5.56 


4-  8.21 
+  22.23 


217.56 
104.23 


209.3.= 
82.00 


146. 55 
57.40 


113.75 
43.37 


+  21.31 


+  30.44 


321.79 


291.35 


203.95 


157. 12 


-  4.67 


-  6.68 


2,098.97 


2,105.65 


1,473.96 


1,193.33 


.7762 
.7556 


.7704 
.8096 


Total,  6  hours 

7  p.  m.  to  10  p.  in  

10  p.  m.  to  1  a.  in  

Total.  6  hours 


1  a.m.  to  4  a.  in. 
4  a.  m.  to  7  a.  m. 


1,015.95 
1,015.76 


-  12.50 

-  .19 


12.69 


-  17.86 

-  .27 


89.63 
75.85 


107. 49 
76.12 


75.24 
53.28 


57. 57 
43.79 


.7652 
.8219 


18. 13 


165. 48 


183.61 


128. 52 


101.36 


.7887 


1,001.78 
1,003.80 


-  13.98 
+  2.02 


-  19.97 
+  2.89 


80.65 
87.39 


100.62 
84.50 


70.43 
59. 15 


56.25 
49. 13 


.7987 
.8306 


-  11.96 


-  17.08 


168.04 


185. 12 


129.58 


105.38 


Total,  6  hours 

Total.  1  day.. 

Experiment  No.  66. 

7  a.  111.  to  10a.  m  

10  a.  in.  to  1  p.  m.. . 

Total.  6  hours 

1  p.  in.  to  4  p.  in  

4  p.m.  to7p.  m  

Total,  6  hours 

7 p.  m. to  10 p.m. 
lOp.  m.  to  1  a.  m. 

Total,  6  hours 


991.71 
979. 64 


12.09 
12.  o: 


-  17.27 

-  17.24 


96.03 
87. 45 


113.30 
104. 69 


79.31 
73.28 


61.03 
64.55 


.8132 
.7695 


24. 16 


-  34.51 


183.48 


217.99 


152.59 


125.58 


.8230 


975.50 
979. 78 


-  4.14 
+  4.28 


-  5.91 
+  6.11 


68.31 
74.33 


74.22 
68.22 


51.95 
47.75 


43.23 
39. 39 


.8321 
.8249 


.20 


142.64 


142.44 


99.70 


82. 62 


-  48.67 


-  69.52 


659.64 


729. 16 


510.39 


414.94 


.8287 
.8130 


961.85 
946.90 


17.93 
14.95 


-  25.61 

-  21.36 


89.58 
81.01 


115. 19 
102. 37 


80.63 
71.66 


66.34 
60.  61 


-  32.88 


-  46.97 


170. 59 


207. 56 


152.29 


126. 95 


939. 72 
928. 05 


7.18 
11.67 


-  10.26 

-  16.67 


84.88 
77.11 


95. 14 
93.78 


66.60 
65.65 


57.87 
60.39 


18.85 


26.93 


161.99 


188.92 


132.25 


118.26 


918.76 
915.77 


9.29  -  13.27 
2.99  -  4.27 


74. 12 
61.31 


87.39 
65.58 


61.17 
45.91 


54.57 
49.44 


12.28  -  17.54  135.43 


152.97 


107.08 


104.01 


.8228 
.8458 


.8336 


.9199 


.8942 


.8921 
1.0769 


.9713 
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Table  114. — Record  of  oxygen  in  ventilating  air  current  and  respiratory  quotient,  metab- 
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Period. 


Experiment  No.  66- 
Continued. 


1  a.  m.  to  4  a.  m . 
4  a.  m.to7  a.  m. 


Total,  6  hours 

Total,  1  day.. 

Experiment  No.  67. 

7  a.  m.  to  10  a.  m  

10  a.  m.  to  1  p.  m  

Total,  6  hours 

l.p.  m.  to4p.  m  . 
4p.in.  toTp.  m. . 

Total,  6  hours 

7 p.  ni.  to  10 p.  m  

10  p.  m.  to  1  a.  m  

Total,  6  hours 


1  a.  m.  to4  a.  m. 
4  a.  m.  to  7  a.  m. 


Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  10  a.  m  

10a.  m.  to  Ip.  m  

Total,  6  hours 

1  p.  m.  to4p.  m. . 
4p. m.to7p. m. . 

Total,  G  hours 

7p.  m.  to  lOp.m  . 
lOp.m.  to  1  a.  m. 

Total,  G  hours 


1a.m.  to  4  a.  m. 
4a.m,to7a.m. 


Total,  6  hours 
Total,  1  day. 
Total,  2  days 


Oxygen. 


(a) 


Liters. 
891. 86 
882.50 


852.73 
840.36 


832.38 
839. 10 


854. 18 
846.51 


854. 05 
865.82 


887. 19 
887.10 


868. 18 
895. 74 


904. 51 
902. 78 


905. 94 
913. 56 


Gain  (+)  or  loss 
{  — )  over  pre- 
ceding period. 


(6) 


Liters. 

-  23.91 

-  9.36 


-  33.27 


97.28 


29. 77 
12.37 


-  42.14 


-  7. 
+  G.92 


1.06 


+  15.08 
-  7.67 


+  7.41 


+  7.54 
+  11.77 


+  19.31 


-  16.68 


+  21.37 
-  .  .09 


+  21.28 


-  18.92 
+  27.56 


+  8.64 


+  8.77 
-  1.73 


+  7.04 


3.16 
7.62 


+  10.78 


+  47.74 


+  31.06 


Grams, 

-  34.16 

-  13.37 


-  47.53 


-1.38.97 


Grams. 
45. 95 
54.07 


100.02 


568. 03 


42.53 
17.67 


88. 12 
100.64 


Grams. 
80.11 
67.44 


147. 55 


Liters. 
56.08 
47.21 


103.29 


ig) 


BS 


Liters. 
37.98 
40.32 


78.301 


707.00    494.91  427.52: 


130. 65 
118.31 


91.46 
82.82 


60. 20:     188.76!    248.  m6:  174.28 


76.42 
70.43 


-  11.40 
+  9.60 


98.22 
127.80 


109.62: 
118. 20; 


76. 73; 
82.74 


146.85 


69. 961 
70.60 


1.80     226.02    227.82    1.59.47  140.56 


+  21.54; 
-  10.96 


115.06 
79.20' 


93.  .52 
90. 16 


65. 461 
63.11 


60.02 
58.61 


+  10.58      194.261    183.68    128.57  118.63 


+  IO.77I 
+  16.81 


+  27.58 


23.84 


+  30.53 
-  .13 


+  30.40 


-  27.03 
+  39.37 


4-  12.34 


+  12.53 
-  2.47 


+  10.06 


+  4.51 
+  10.89 


-t-  15.40 


+  08.20 


79. 44^ 
78.711 


68. 67 
61.90: 


158. 15    130. 57 


767.  19    791. 03 


168.06 
117. 35 


185.41 


112. 70 
142.45 


255. 15 


101.. 50 
76.59 


137.53 
117.48 


255. 01 


139. 73 
103. 08 


142.81 


88.97 
79.06 


48.07 
43.33 


39.841 
38. 56l 


91. 40      78. 40 


553.72  484.44 


90.27 
82.24 


79.31 
69. 70 


178.51  149.01 


97.81 
72. 16 


84.20 
67.47 


109.97  151.67 


62.28 
55.34 


178.09 


74.68 
72.74 


147.42 


168.03 


70. 17 
61.85 


+  44.36 


860. 07| 
1,633.26  1 


132.02 
797. 87 

,5S8. 90 


117. 02 


49.12 
43.30 


57.07 
51.81 


108.88 


37.82 
37.831 


92. 42l 
.558. 52i 
112.24' 


75.05 
484. 71 
969. 15 
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Table  \1C).— Summary  of  calorimclric  measurements,  metabolisvi  experiments  Nos.  56-58 

and  60-67,  inclusive. 


Period. 


Experiment  No.  56. 

7  a.  in.  to  1  p.  m . . . 
1  p.  in.  to  7  p.  111. . . 
7  p.  m.  to  1  a.  m. . . 
1  a.  m.  to  7  a.  m.. . 

'Total.  1  day.. 

7  a.  111.  to  1  p.  in . . . 
1  p.  III.  to  7  p.  ni . . . 
7  p.  ni.  to  1  a.  m . . . 
1  a.  111.  to  7  a.  Ill . . . 


(a) 


Heat 
measured 
in  terms 

of  C20. 


Calories. 
1.851.6 
1,830.  5 
.570.  4 
342.0 


Change 
of  tem- 
perature 
of  calo- 
rimeter. 


Degrees. 
-0.05 
+  .04 


4,  .594  5 


2, 002.  9 
1,802.  6 
518.  1 
334.0 


Total,  1  day...  4,657.6 


7  a.  in.  to  1  p.  m  

1  p.  III.  to  7  p.  in  

7  p.  III.  to  1  a.  m  

1  a.  m.  to  7  a.  m  

Total,  1  day... 

Total,  3  days . 

Experiment  It/o.  57. 

7  a.  ni.  to  1  p.  in  

1  p.  m.  to  7  p.  in  

7  p.  m.  to  1  a.  Ill  

1  a.  in.  to  7  a.  m  

Total,  1  day... 

7  a.  m.  to.  1  p.  in  

1  p.  m.  to  7  p.  m  

7  p.  m.  to  1  a.  m  

1  a.  m.  to  7  a.  m  

Total,  1  day... 

7  a.  m.  to  1  p.  in  

1  p.  ni.  to  7  p.  ni  

7  p.  111.  t"  1  a.  in  

1  a.  ni.  to  7  a.  m  . . . . 

Total,  1  day... 

Total,  3  days . 

Experiment  No.  58. 


Nov.  10-U.  7  a.  m.  to  1  p.  ni  

1  p.  m.  to  7  p.  m  

7  p.  m.  to  1  a.  m  

1  a.  m.  to  7  a»  m  


1,079.9 
1,862.  5 
534.7 
366. 1 


4, 443. 2 


13, 695.  3 


2. 009.  3 
1.904.  4 
597.0 
385.  8 


)6.  5 


1,758.  1 
1,875.4 
585.7 
276.3 


4, 495.  5 


Nov.  11-12. 


Total,  1  day.. 

7  a.  m.  to  1  p.  m. .. 
1  p.  ni.  to  7  p.  m... 
7  p.  m.  to  1  a.  in . . . 
1  a.  m.  to  7  a.  m. . . 


2,240.8 
1,481.7 
498.6 
281.3 


4, 502.  4 


13, 894.  4 


321.5 
470.1 
406.3 
315.7 


1,513.6 


461.6 
285.9 
294.2 
304.  4 


-  .01 


-I-  .22 
-  .08 
+  .22 


4-  .28 


-  .10 

-  .06 
-I-  .08 

-  .12 


-  .20 


.07 


-  .02 
+  .08 
+  .32 

-  .64 


.26 


+  .42 

-  .02 

-  .03 
-1-  .03 


(0 


Capac- 
ity cor- 
rection 
of  calo- 
rimeter, 
b  X  60. 


Calories. 
-  3.0 
+  2.4 


-1-13.2 

-  4.8 
+  13.2 

-  4.8 


+  16.8 


-6.0 
-3.6 
+  4.8 
-7.2 


-12.0 


+  4.2 


-1.2 
+  4.8 
+  19.2 
-38.4 


-15.6 


+25.2 
-1.2 
-1.8 
+  1.8 


+  .40  +24.0 


.03      -  1. 


.03 


+  .11 


-  .03 
+  .04 

-  .05 


.04 


-  .07 
+  .08 
+  .05 


Total,  1  day...     1,346.1      -.02      -  1.2      +  10.0 


1.8 


(d) 


Correc- 
tion due 

to  tem- 
perature 

of  food 
and 

dishes. 


(e) 
Water 
vapor- 
ized 
equals 

total  ex- 
cess In 

outgoing 

air  plus 
excess 

residual 
vapor. 


Calo  ries. 

-  12.7 

-  29.8 
+  4.6 


-  37.9 


-  10.3 
-34  0 
+  2.0 


42.3 


-  8.9 

-  37.5 
+  2.1 


44  3 


-124  5 


-  17.1 

-  39.0 
+  5.4 


50.7 


-  13.9 

-  32.4 
+  42 


42.1 


8.5 
31.3 
3.6 


36.2 


-129.0 


-1.8 
+  2.4  + 
3.0  + 


-  2.4 


-  42 
+  48 
+  3.0 

-  48 


+  7.7 


(/) 


Heat  ren- 
dered la- 
tent in 
vapori- 
zation of 
water 
e  X  0.592. 


Grams. 
283.4 
308.5 
342.7 
314  0 


1,248.  6 


333.1 
341.8 
344  5 
334  3 


1,353.7 


316.8 
321.2 
311.9 
295.1 


1,245.0 


3, 847.  3 


395.9 
422.2 
237.5 
215.0 


1,270.6 


329.4 
418.9 
393.2 
379.3 


1,520.8 


433. 1 
335.9 
369.6 
347.2 


1,485.8 


4, 277. 2 


122.6 
111.0 
129.7 
143.8 


507. 1 


6.9 
3.1 


179.6 
213.4 
226.7 
209.1 


828.8 


(g) 


Total 
heat  de- 
termined, 
a  +  f  +  d 
+  /• 


Calories. 
167.  8 
182.  6 
202.  9 
185.9 


739.2 


197.2 
202.  3 
203.9 
197.9 


801.3 


187.5 
190.1 
184  7 
174  7 


737.0 


2,277.5 


234  4 
249.9 
140.6 
127.3 


752.2 


195.0 
248.0 
232.8 
224  5 


900.3 


256.4 
198.9 
218.8 
205.5 


879.6 


2, 532. 1 


72.6 
65.7 
76.8 
85.1 


300.2 


106.3 
126.3 
134  2 
123.8 


490.  6 


Calories. 
2,003.7 
1,985.7 
777.9 
527.9 

5,295  2 


2, 203.  0 
1,966.  1 
737.  2 
.527.  1 


5, 43.3.  4 


1,8,52.  5 
2.011.  5 
726.  3 
533.6 


5, 123.  9 


15, 8.52.  5 


2, 225.  4 
2, 120.  1 
762.2 
474  7 


5, 582.  4 

1,964  4 
2, 089.  8 
820.9 
502.  6 


5, 377.  7 


2, 486. 9 
1,649.3 
721.0 

486.8 


5, 344  0 


16,3041 


392.3 
543.8 
482.2 
400.8 


1,819. 1 


503.  7 
42.3.  9 
434  5 
423.  4 


1.845.  5 
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Table  116. — Summary  of  calorimetric  measurements,  vietabolism  experiments  Nos.  56-58 
and  60-67,  inclusive — Continued. 


Period. 


(a) 


Heat  Change 
rerms  g^lo- 


(b) 


of  Cm- 


rimeter. 


(c) 


Capac- 
ity cor- 
rection 
of  calo- 
rimeter 
bX60. 


Correc- 
tion due 

to  tem- 
perature 

of  food 
and 

dishes. 


(e) 
Water 
vapor- 
ized 
equals 

total  ex- 
cess in 

outgoing 

air  plus 
excess 

residual 
vapor. 


(/) 


Heat  ren- 
dered la- 
tent in 
vapori- 
zation of 

water 
c  X  0.592. 


Experiment  No.  58— 
Continued. 

7  a.  m.  to  1  p.  m  

1  p.  m.  to  7  p.  m  

7  p.  m.  to  1  a.  m  

1  a.  m.  to  7  a.  m  

Total,  1  day... 

Total,  3  days . 

Experiment  No.  60. 

7  a.  m.  to  10  a.  m. . . 
10  a.  m.  to  1  p.  m  . .. 

Total,  6  hours, 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  ()  hours. 

7  p.m.  to  10  p.  m. . . 
10  p.  m.  to  1  a.  m. .. 

Total,  0  hours. 

1  a.  in.  to  4  a.  m ... . 
4  a.  m.  to  7  a.  m  

Total,  e  hours. 

Total,  1  day... 

7  a.m.  to  10a. m  

10  a.  m.  to  1  p.  m... 

Total,  6  hours 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6  hours, 

7  p.m.  to  lOp.  m.. . 
10  p.  m.  to  1  a.  m... 

Total,  6  hours. 

1  a.  m.  to  4  a.  m  

4  a.m.  to  7  a.  m  


Calorics. 
474.0 
411.8 
337.2 
320.3 


Degrees. 
+0.08 

-  .03 
+  .03 

-  .01 


1,549.3 


4, 409.  0 


285.  8 
223.9 


509.  7 


226.2 
216.1 


442.3 


242.9 
172.7 


415.6 


141.2 
136.  4 


277.6 


1, 645.  2 


343.2 
292. 1 


635.3 


284.4 
272.7 


557.1 


319.6 
197.6 


517.2 


166.2 
161.4 


Total,  0  hours. 

Total,  1  day  . . 

7  a.  m.  to  10  a.  m. . . 
10  a.  m.  to  1  p.  m. .. 

Total,  6  hours.. 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  fi  hours. 

7 p.  m.  to  10  p.  m... 
10  p.  m.  to  1  a.  m. .. 

Total,  6  hours. 


327.6 


2, 037.  2 


286.5 
232.2 


518.  7 


225.1 
230.1 


455.1 


245.6 
141.6 


387.2 


Calories, 
+  4.8 

-  1.8 
-1-1.8 

-  .6 


Calories. 
+  5.3 
4-  ,4.9 


Grams. 
214.5 
190.1 
214.1 
198.2 


Calories. 
127.0 
112.6 
126.7 
117.3 


-t-  .07 


+  4.2 


+  10.2 


816.9 


483.6 


+  .01 


+  .6 


+  27.9 


2, 152.  8 


1,274.4 


-  .01 

-  .03 


-  .6 
-1.8 


-9.7 
+  .9 


134.9 
117.6 


.04 


2.4 


252.5 


.02 
.02 


-t-  1.2 
+  1.2 


+  4.2 


124  4 
120.8 


+  .04 


+  2.4 


+  4.2 


245.2 


+  .02 
-  .02 


+  1.2 
-1.2 


+  4.7 


128.8 
113.9 


4.7 


242.7 


•+  .05 
-  .03 


+  .02 


+  .01 
-  .07 


.06 


-  .04 

-  .05 


.09 


.03 


+  .03 


.10 


+  .11 
+  .04 


+  .15 


.02 
.03 


-  .05 


+  .07 


+  .07 


104.5 
114.6 


219. 1 


959.5 


+  3.0 
-  1.8 


-  .7 
+  3.7 


37.5 
16.7 


+  1.2 


+  3.0 


54.2 


+  .6 

-  42 


-  1.8 
+  2.7 


32.0 
45.6 


3.6 


.9 


77.6 


-2.4 
-  3.0 


+  47 


38.9 
40.9 


5.4 


+    4  7 


79.8 


+  1.8 


31.2 
29.3 


+  l.f 


60.5 


6.0 


272.1 


+  6.6 
+  2.4 


-  3.1 
+  .8 


146.3 
137.9 


+  9.0 


2.3 


284  2 


1.2 
1.8 


+  .3 
+  3.5 


145.1 
144  5 


-  3.0 


+.  3.8 


289.6 


+  4.2 


+  46 


148.7 
141.2 


4  2 


+    4  6 


289.9 


79.9 
69.6 


149.5 


73.6 
71.5 


145.1 


76.3 
67.4 


143.7 


61.9 
67.8 


129.7 


568.0 


22.2 
9.9 


32.1 


19.0 
27.0 


46.0 


23.0 
24  2 


47.2 


18.5 
17.3 


35.8 


161.1 


86.6 
81.6 


168.2 


85.9 
85.5 


171.4 


88.0 
83.7 


171.7 
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Table  11  fi. — Summary  of  calorimelric  measurements,  metabolism  experiments  Nos.  .56-58 
and  60-67,  inclusive — Continued. 


I'pridd. 


Experiment  No.  6'0— 
Continued. 

1  a.  m.  to  4  a.  m . . . 
4  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day. 

Total,  3  days 

Experiment  No.  01. 

7  a.  ni.  to  10  a.  m . . 
10  a.  m.  to  1  p.  m . . 

Total,  6  hours 

1  p.  m.  to  4  p.  m.. . 
4  p.  m.  to  7  p.  in . . . 

Total,  6  hours 

7  p.  m.  to  10  p.  m .. 
10  p.  m.  to  1  a.  Ill . . 

Total,  fi  hours 

1  a.  m.  to  4  a.  m . . . 
4  a.  m.  to  7  a.  in  

Total,  6  hours 

Total,  1  day. 

Experiment  No.  62. 

7  a.  m.  to  10  a.  m. . 
10  a.  m.  to  1  p.  m . . 

Total,  6  hours, 

1  p.  m.  to  4  p.  m.. . 
4  p.  in.  to  7  p.  m... 

Total,  6  hours 

7 p.  m.  to  10 p.  m.. 
10  p.  m.  to  1  a.  m. . 

Total,  r,  hours. 

1  a.  m.  to  4  a.  m . . 
4  a.  m.  to  7  a.  m . . 

Total,  6  hours. 

Total,  1  day . 

7  a.  m.  to  10  a.  m. . 
10  a.  m.  to  1  p.  m. . 

Total,  6  hours. 

1  p.  m.  to  4  p.  m . 
4  p.  m.  to  7  p.  in. 

Total,  fi  hours. 


(a) 


Heat 
measured 


(6) 


(c) 


Capac- 
ity cor- 
rection 


Change 
of  tein- 

Interms  P„7^^t[j;.«  ofcara 

"ff-  rimrter. 


Calorics. 
125.8 
118.3 


Degrees. 
-0.05 


244.1 


1,605.1 


5, 287. 5 


782. 
981. 


1,7B3.  6 


882. 
535. 


1,217.3 


255. 
151. 


406.6 


181, 
147, 


328.7 


3,716.2 


779.5 
846.2 


1,625.7 


749.8 
818.2 


.05 


+  .12 


+  .02 


-t-  .28 
-  .20 


-  .35 
-t-  .35 


.10 


.02 


-  .23 
+  .05 


.18 


4-  .09 
-  .27 


Calories. 
-  3.0 


3.0 


4-7.2 


+  1.2 


-1-16.8 
-12.0 


Correc- 
tion due 

to  tem- 
perature 

of  food 
and 

dishes. 


Calories. 


+  14. 


-I-  3.3 
+  6.7 


4.8 


-21.0 
-1-21.0 


-  6.0 
4-  4.8 


1.2 


-13.8 
4-3.0 


-  7.2 


-  5.4 
-16.2 


.18 


4-  .25 
-  .16 


1,. 568.0 


4-  .09 


262.7 
219.8 


4-  .09 
4-  .16 


482.5      4-  .25 


-10.8 


4-15.0 


4-5.4 


4-15.0 


172.3 
139. 0 


.13 
.05 


311.3 


-  .18 


3,987.5 


.02 


816. 5 
844.3 


4-  .01 
-  .02 


1,660.8 


-  .01 


741.2 
754. 7 


4-  .02 
-  .02 


1,49.5.9 


7.8 
3.0 


-10.8 


4-0.6 
-  1.2 


-  0.6 


4-  10.0 


4-  16.2 
4-  11.0 


4-  27.2 


6.5 


4-  6.5 


4-  43.7 


(e) 
Water 
vapor- 
ized 
equals 

total  ex- 
cess in 

outgoing 
air  plus 
e.xcess 

residual 
vapor. 


Heat  ren- 
dered la- 
tent in 


Grams. 
121.9 
114.1 


vapori-  termined, 
zation  of  \n  +  c  +  d 

water, 
e  X  0..592. 


Calories. 
72.2 
67.6 


236.0 


1,099.7 


2,331.3 


1C9.6 
182.7 


352.3 


191.0 
179.2 


370.2 


177.8 
164.6 


342.4 


159.6 
147.6 


307.2 


139. 


651. 1 


1,380.2  i  6,683.7 


1,372.1 


4-  10.1 
4-  5.5 


4-  15.6 


4-  15.3 
4-  14.0 


4-29.3 


4-  5.1 


161.3 
164.0 


325* 


164.9 
177.6 


342.5 


140.5 
171.8 


4-  5.1 


312.3 


157.2 
156.7 


313.9 


4-  50.0  I  1,294.0 


4-  9.5 
4-  5.3 


176. 6 
180.5 


14.8 


357.1 


4-  13.7 
4-  11.7 


4-  25.4 


162.7 
175.5 


338.2 


100. 4 
108.2 


113.0 
106. 1 


219. 1 


105.3 
97.4 


202.7 


94.5 
87.4 


181.9 


812.3 


95.5 
97.1 


192.6 


97.6 
105.2 


202.8 


83.1 
101.7 


184.8 


93.0 
92.8 


185.8 


766.0 


104.5 
106.8 


211.3 


96.3 
103.9 


200.2 
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Table  116 — Summary  of  calorimetric  measurements,  metabolism  experiments  Nos.  56-58 
and  60-67,  inclusive — Continued. 


Date. 


1904. 
Apr.  17-18. . 


(a) 


(&) 


Period. 


Apr.  18-19.. 


Apr.  19-20.. 


Apr.  20-21.. 


Experiment  No.  62— 
Continued. 

7p.  m.  to  10 p.  m... 
10  p.  m.  to  1  a.  m. .. 

Total,  6  hours. 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours. 

Total,  1  day.. 

7  a.  m.  to  10  a.  m. . . 
10  a.  m.  to  1  p.  m. .. 

Total,  6  hours. 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6  hours. 

7  p.  m.  to  10  p.  m... 
10  p.  m.  to  1  a.  m. .. 

Total,  6  hours. 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours. 

Total,  1  day .. 

Total,  3  days . 

Experiment  No.  63. 

7  a.  m.  to  10  a.  m . . 
10  a.  m.  to  1  p.  m. . 

Total,  6  hours. 

1  p.  m.  to  4 p.  m... 
4p.  m.  to  7  p.  m... 

Total,  6  hours. 

7 p.  m.  to  10 p.  m.. 
10  p  m.  to  1  a .  m . . 

Total,  fi  hours. 

1  a.  m.  to  4  a.  m . . 
4  a.  m.  to  7  a.  m . . 

Total,  6  hours. 

Total,  1  day. 

7  a.  m.  to  10  a.  m. . 
10  a.  m.  to  1  p.  m. . 

Total,  6  hours. 

1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m . 

Total,  fi  hours. 


Heat  Change 

m  terms  galo- 
ot rimeter 


Calories. 
270.8 
219.9 


Degrees. 
+0. 03 
+  .02 


490.7  '    +  .05 


182.2 
170.8 


353.0 


4,000.4 


781.1 
887.4 


840.5 
710.7 


1,551.2 


299.8 
227.2 


527.0 


200.0 
163.4 


363.4 


4,110.2 


12,098.1 


831.9 
840.9 


1,672.8 


849.0 
723.4 


.  1,572.4 


307.7 
217.4 


525.1 


184.2 
166.6 


350.8 


4, 121. 1 


851.1 
890.1 


1,741.2 


762.3 
709.5 


1,471. 


.02 
.01 


.03 


(c) 


Capac- 
ity cor- 
rection 
of  calo- 
rimeter, 
6  X  60. 


Calories. 
+  1.8 
-I-  1.2 


+  3.0 


-  1.2 

-  .6 


1.8 


.01 


-1-  .02 
-  .07 


-H  1.2 
-  4.2 


.05 


3.0 


.04  -  2.4 
.10  4-6.0 


+  .06      -1-  3.6 


+  .10 
-  .04 


+  06 


+  6.0 
-  2.4 


3.6 


-  .06  -  3.6 
+  .06  +3.6 


+  .07  I    +  4.2 


+  .06  +3.6 


.07 


+  .01 


+  .06 


.07 


-  .07 


+  .09 


-  1.2 

-  3.0 


-  4.2 


5.4 
6.0 


+  .6 


+  3.0 
+  .6 


+  3.6 


-  2.4 

-  1.8 


4.2 


-  4.2 


+  4.8 


4.8 


+  .6 
+  4.8 


+  5.4 


Correc- 
tion due 

to  tem- 
perature 

ol  food 
and 

dishes. 


Calories. 
+  4.9 


+  4.9 


(e) 
Water 
vapor- 
ized 
equals 
total  ex- 
cess in 


Heat  ren- 
dered la- '  Total 
tent  in  ,  heat  de- 
vapori-  termined, 
outgoing  zation  of  a  +  c  +  d 
air  plus  !  water,  '     +  /. 
excess    e  X  0.592. 
residual 
vapor. 


Grams. 
152.6 
162.4 


Calories. 
90.4 
96.2 


315.0 


144.0 
135.7 


85.3 
80.3 


279.7 


165.6 


+  45.1  1,290.0 


763.7 


-  1.7 
+  5.4 


167.5 
154.3 


99.2 
91.3 


+  3.7 


321.8 


190.5 


+  14.1 
+  13.6 


155.5 
158.6 


92.1 
93.9 


+  27.7 


314.1 


6.0 


+  5.1 


+  5.1 


132. 5 
140.7 


78.4 
83.4 


273.2 


161.8 


134.3 
141.5 


79.5 
83.7 


275.8 


163.2 


+  36.5  I  1,184.9 


701.4 


+  131.6  I  3,768.9 


+  9.1 
+  5.6 


14.7 


169.4 
173.8 


343.2 


2, 231. 1 


100.3 
102.9 


203.2 


15.8 
8.2 


+  24.0 


+  4.7 


+  4.7 


+  43.4 


+  14.5 


+  14.5 


-  3.2 

-  6.9 


10.1 


170.7 
177.6 


101.0 
105.1 


348.3 


206.1 


155.2 
163.8 


91.9 
97.0 


319.0 


188.9 


157.8 
160.2 


318.0 


1,328.5 


178.7 
164.3 


343.0 


173.8 
173.3 


347.1 


93.4 


786.4 


105.8 
97.3 


203.1 


102.9 
102.6 


205.5 
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Table  llfi. — Summary  of  calorimetric  measurements,  metabolism  experiments  Nos.  56-58 
and  60-67,  inclusive — Continued. 


Period. 


Experiment  No.  6S — 
Continued. 

7  p.  m.  to  10  p.  m.. . 
10  p.  m.  to  1  a.  m. .. 

Total,  6  hours. 

1  a.  m.  to  4  a.  m  

4  a.  ra.  to  7  a.  m  

Total,  fi  hours. 

Total,  1  day  . . 

7  a.  m.  to  10  a.  m. . . 
10  a.  m.  to  1  p.  m. .. 

Total,  (i  hours. 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  in  

Total,  6  hours. 

7  p.  m.  to  10  p.  m. . . 
10  p.  m.  to  1  a.  m. .. 

Total, 6  hours. 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  6  hours. 

Total,  1  day.. 

Total,  3  days . 

Experiment  JVo.  6^. 

7  a.  m.  to  10  a.  m. . . 
10  a.  m.  to  1  p.  m... 

Total,  6  hours. 

1  p.  m.  to  4  p.  m  . . . 
4  p.  m.  to  7  p.  ni  

Total,  6  hours. 

7  p.  m.  to  10  p.  m... 
10  p.  m.  to  1  a.  m. .. 

Total,  6  hours. 

1  a.  m.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  G  hours. 

Total,  Iday... 

Experiment  A^o.  65. 

7  a.  m.  to  10  a.  m. . . 
10  a.  m.  to  1  p.  m. . 

Total,  fi  hours. 


(a) 

Heat 
measured 
in  terms 
of  Cm. 

(6) 

Change 
of  tem- 
perature 
of  calo- 
rimeter. 

(c) 

Capac- 
ity cor- 
rection 
of  calo- 
rimeter, 
6  X  60. 

(d) 

Correc- 
tion due 

to  tem- 
perature 

of  food 
and 

dishes. 

(e) 
Water 
vapor- 
ized 
equals 

total  ex- 
cess in 

outgoing 

air  plus 
excess 

residual 
vapor. 

(/) 

Heat  ren- 
dered la- 
tent in 
vapori- 
zation of 
water, 
e  X  0.592. 

(?) 

Total 
heat  de- 
termined, 
a  +  c  +  d 
+  /• 

Calories. 
273. 2 
241.  2 

Degrees. 
+0. 01 

Calories. 
-h  0.6 

Calories. 
+  3.1 

Grams. 
155.8 
162. 0 

Calories. 
92.2 
95. 9 

Calories. 
369.1 
337. 1 



514.4 

+  .01 

+  0.6 

+  3.1 

317.8 

188.1 

706.2 

201.9 
169. 7 

-  .01 
-1-  .24 

-  .6 
-1-14.  4 

153.5 
155.0 

90.9 
91. 7 

292.2 
275. 8 

371.6 

-1-  .23 

-1-13.8 

308.5 

182.6 

568.0 

4,099.0 

-1-  .25 

+  15.0 

+  7.5 

1,316.4 

779.3 

4,900.8 

782.6 
823.5 

-  .28 

-  .04 

-16.8 
-  2.4 

-  9.9 
+  7.9 

175.8 
172.7 

104.0 
102.3 

859.9 
931.3 

1,606.1 

-  .32 

-19.2 

-  2.0 

348.5 

206.3 

1,791.2 

801.8 
721.6 

+  .01 
-h  .Ul 

+  0.6 
-|-  0. 6 

+  4.6 

4-  16. 9 

186.4 
174.9 

110.3 
103.6 

917.3 
842.7 

1,523.4 

+  .02 

+  1.2 

+  21.5 

361.3 

213.9 

1,760.0 

267.9 
243. 8 

4-  .00 
-1-  .01 

-r  3.6 
+  0.6 

-  0.2 

158.0 
163.9 

93.5 
97.0 

364. 8 
341.  4 

511.7 

J-  .07 

+  4.2 

-  0.2 

321.9 

190.5 

706.2 

207.5 
194.3 

-  .01 

-  0.6 

128.6 
148.3 

76.2 
87.8 

283.1 
282.1 

401.8 

-  .01 

-  0.6 

276.9 

164.0 

565.2 

4,043.0 

-  .24 

-14.4 

+  19.3 

1,308.6 

774.7 

4, 822. 6 

12,263.1 

-  .06 

-  3.6 

+  70.2 

3,953.5 

2,340.4 

14, 670. 1 

920.1 
883.1 

+  .03 
-  .11 

+  1.8 
-  6.6 

+  10.6 
+  10.3 

194.2 
180.0 

115.0 
106.6 

1,047.5 
993.4 

1, 803. 2 

-  .08 

-  4.8 

+  20.9 

374.2 

221.6 

2,040.9 

977.5 
905.7 

+  .32 
-  .25 

+  19.2 
-15.0 

+  28.3 
+  3.7 

192.7 
180.9 

114.0 
107.1 

1, 139.0 
1,001.5 

1,883.2 

+  .07 

+  4.2 

+  32.0 

373.6 

221. 1 

2,140.5 

971.5 
733.9 

+  .08 
.13 

+  4.8 
-  7.8 

+  25.4 
+  18.2 

202.5 
190.4 

119.9 
112.7 

1,121.6 
857.0 

1,705.4 

-  .05 

-  3.0 

+  43.6 

392.9 

232.6 

1,978.6 

564.3 
191.8 

-1-  .10 
+  .06 

+  K.O 
+  3.6 

+  5.5 

181.0 
166. 1 

107.1 
98.4 

682.9 
293.8 

756  1 

+  y.  D 

+  5.5 

347. 1 

205. 5 

976. 7 

6, 147. 9 

+  .10 

+  6.0 

+  102.0 

1,487.8 

880.8 

7, 136. 7 

231.0 
197.5 

-  .02 

-  .05 

-  1.2 

-  3.0 

+  11.7 
+  12.3 

162.5 
150.1 

96.2 
88.8 

337.7 
295.6 

428.5 

-  07 

-  4.2 

+  24.0 

312.6 

1&5.0 

633.3 
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Table  116. — Summary  of  calorimetric  measurements,  metabolism  experiments  Nos.  56-58 
and  60-67,  inclusive — Continued. 


Period. 


(a) 


Heat 
measured 
in  terms 

of  C20. 


(6) 


Change 
of  tem- 
perature 
of  calo- 
rimeter. 


Capac- 
ity cor- 
rection 
of  calo- 
rimeter, 
6X  60. 


(d) 


Correc- 
tion due 

to  tem- 
perature 

of  food 
and 

dishes. 


(e) 
Water 
vapor- 
ized 
equals 

total  ex- 
cess in 

outgoing 

air  plus 
excess 

residual 
vapor. 


Heat  ren- 
dered la- 
tent in 
vapori- 
zation of  a  ■ 
water, 
e  X  0.592. 


Experiment  No.  65 — 
Continued. 

1  p.  m.  to  4  p.  m  

4  p.  m.  to  7  p.  m  

Total,  6hours. 

7  p.  m.  to  10  p.  m... 
10  p.  m.  to  1  a.  m... 

Total,  6  hours. 

1  a.  m.  to  4  a  m  

4  a.  m.  to  7  a.  ra  

Total,  6  hours. 

Total,  1  day... 

Experiment  JVo.  66. 

7  a.  m.  to  10  a.  m. , 
10  a.  m.  to  1  p.  m. 

Total,  6  hours, 

1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m  . 

Total,  6  hours. 

7  p.  m.  to  10  p.  m  . . 
10  p.  m.  to  1  a.  m . . 

Total,  6 hours 

1  a.  m.  to  4  a.  m. . . 
4  a.  m.  to  7  a.  m. . . 

Total,  6  hours. 

Total,  1  day.. 

Experiment  No.  67. 

7  a.  m.  to  10  a.  m. . 
10  a.  m.  to  1  p.  m. . 

Total,  6 hours 

1  p.  m.  to  4  p.  m. 
4  p.  m.  to  7  p.  m. 

Total,  6  hours 

7  p.  m.  to  10  p.  m.. 
10  p.  m.  to  1  a.  m. . 

Total,  6  hours 

1  a.  m.  to  4  a.  m. . 
4  a.  m.  to  7  a.  m. . 

Total,  6  hours. 

Total,  1  day.. 

7  a.  m.  to  10  a.  m. . 
10  a.  m.  to  1  p.  m. . 

Total,  6  hours. 


Calories. 
211.1 
210.4 


-0.18 
4-  .15 


Calories. 
-10.8 
+  9.0 


Calories. 
"  +  '23.'5 


Grams. 
156. 7 
147.9 


Calories. 
92.8 
87.6 


427.5 


.03 


1.8 


+  23.5 


304. 6 


180.4 


242.5 
245.9 


+  .02 


+  1.2 


160.7 
162.4 


95.1 
96.1 


+  .02 


+  1.2 


323.1 


191.2 


174.8 
163.0 


-  .04 
+  .03 


-  2.4 
+  1.8 


149.9 
141.2 


83.6 


337.8 


-  .01 


-  0.6 


291.1 


172.4 


1, 682. 2 


.09 


5.4 


+  47.0 


1,231.4 


729.0 


302.1 
265.8 


+  .03 


+  1. 


+  8.7 
-  0.1 


150.6 
139.8 


82.8 


+  .03 


+  1.8 


+  8.6 


290.4 


172.0 


241.9 
252.9 


+  .02 

-  .06 


1.2 
3.6 


+  11.1 

+  13.5 


126.1 
128.0 


74.6 
75.8 


494.8 


-  .04 


-  2.4 


+  24.6 


254.1 


150.4 


224.5 
166.8 


+  .02 
+  .02 


1.2 
1.2 


+  7.6 


128. 2 
131.9 


75.9 
78.1 


.391 . 3 


-I-  .04 


+  2.4 


260.1 


154.0 


166.8 
184.0 


-  .04 

-  .04 


2.4 
2.4 


134.8 
121.2 


79.8 
71.7 


350.8 


.08 


4.8 


256.0 


151.5 


1,804.8 


-  .05 


3.0 


+  40.8 


1,060.6 


627.9 


345. 4 
315.7 


+  3.0 
+  1.8 


+  11. 
+  11. 


123.9 
121.5 


73.3 
72.0 


+  .08 


+  4.8 


23.0 


245.4 


145.3 


290.8 
325.1 


-  2.4 

-  6.0 


4.5 
6.8 


117.7 
121.1 


09.7 
71.7 


615. 9 


-  .14 


8.4 


11.3 


2.38.8 


141.4 


248.1 
201.6 


.11 
.02 


-1-6.6 
+  1.2 


114.2 
128.0 


67.6 
75.8 


449.7 


-I-  .13 


+  7.8 


242.2 


143.4 


175.8 
146.7 


.11 
.10 


-  6.6 
+  6.0 


122.4 
109.5 


72.4 


322.5 


.01 


0.6 


231.9 


137.2 


2, 049. 2 


+  .06 


+  3.6 


+  34.9 


958.3 


567.3 


377.1 
351.6 


.01 
.02 


+  0.6 
-  1.2 


8.3 
0.2 


118.5 
119.1 


70.2 
70.5 


728.7 


.01 


0.6 


8.5 


237.6 


140.7 
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Table  IKi. — Summary  of  calorimetric  measurements,  metabolism  experiments  Nos.  66-58 
and  60-67,  inclusive — Continued. 


Date. 

Period. 

(a) 

Heat 
measured 
in  terms 

oi  C20. 

(6) 

Change 
of  tem- 
perature 
of  calo- 
rimeter. 

(c) 

Capac- 
ity cor- 
rection 
of  calo- 
rimeter, 
6  X  60. 

(d) 

CorrGC"* 
tiou  due 

to  tem- 
perature 

of  food 
and 

dishes. 

(e) 
Water 
vapor- 
equals 

total  ex- 
cess in 

outgoing 
air  plus 
excess 
residual 
vapor. 

(/) 

Heat  ren- 
dered la- 
tent in 
vapori- 
zation of 
water, 
e  X  0.592. 

ia) 

Total 
heat  de- 
termined, 
a  +  c  +  d 
+  /• 

1904. 
Apr.2()-27.. 

Experiment  No.  67— 
Continuod. 

1  p.  m.  to  4  p.  in  

4  p.  III.  to  7  p.  m  

Total,  6  hours. 

7  p.  m.  to  10  p.  m... 
10  p.  m.  to  1  a.  m. .. 

Total,  6  hours. 

1  a.  in.  to  4  a.  m  

4  a.  m.  to  7  a.  m  

Total,  (i  hours. 

Total,  1  day.,. 

Total,  2  days.. 

Calories. 
356. 7 
308^8 

Degrees. 
+0. 05 
-  !ll 

Calories. 
-f-  3. 0 
-  6^6 

Calories. 
+  14.5 

Grams. 
120.  4 
113!  2 

Calories. 
71. 3 
67!  0 

Calories. 
438. 2 
.383!  7 

0(35. 5 

—  .  Od 

—  0.  6 

233. 6 

138. 3 

821. 9 

233  9 
19L0 

_|_ 

+  '.li 

_j_   3  Q 

+  8.i 

u.  0 

111  8 
116!  2 

Gti  2 
Gsis 

303  6 
268!  8 

425.5 

+  .19 

-1-11.4 

+  0.5 

228.0 

135.0 

572.4 

178.8 
154.7 

-  .16 

-  9.6 

111.2 
102.4 

65.8 
60.6 

235.0 
215.3 

333.5 

-  .16 

-  9.6 

213.6 

126.4 

450.3 

2, 153. 2 

-  .04 

-  2.4 

+  30.7 

912.8 

540.4 

2,721.9 

4,202.4 

+  .02 

+  1.2 

-1-  65.6 

1,871.1 

1,107.7 

5,376.9 

314 
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Table  118. — Daily  gains  or  losses  of  body  materials,  metabolism  experim£nts  Nos.  56-58 

and  60-67. 


(a) 
Total 
weight. 

(&) 
Nitro- 
gen. 

Carbon. 

(rf) 
Hydro- 
gen. 

(e) 
Oxygen. 

(/) 
Ash.* 

EXPEKIMENT  No.  56. 

First  day. 

Income: 

Oxygen  from  air  

Grams. 
1,545.24 
1,950.00 
2,935.50 
914.  50 

Grams. 

Grams. 

Grams. 

Grams. 
1,545.  24 
1,731.80 
2, 607.  02 
290.13 

Grams. 

Water  in  drinlc  

218.  20 
328.  48 
76.28 

Water  in  food  . . :  

Solids  in  food  

Total  

Outgo: 

Water  in  feces  

18.45 

507. 94 

21.70 

7, 345.  24 

1&  45 

507. 94 

622. 96 

6, 174  19 

21.  70 

191.  30 
48.  40 
1,425.80 
69.80 

3, 702.  27 
1,775.61 

21.41 
4  07 
159.  55 
2.92 

414  21 

169. 89 
6.63 
1,26a  25 
2a  90 

3, 287.  41 
1,291.36 

Solids  in  feces  

Water  in  urine  

1.80 

26.80 

9. 10 

Solids  in  urine  

Water  of  respiration  and  perspi- 
ration   

14  31 
t.65 

11. 57 

14  10 

484  25 

Total  

Gain  (+)  or  loss  (— )  

Ash  of  protein  gained  



7,213. 18 

16.76 

522.  62 

602.16 

6, 04a  44 

23.20 

+    132. 00 
.16 

+  1.69 

-  14  68 

+  20.80 

+    125. 75 

-  1.50 
+  .16 

Gains  and  losses  of  body  material: 

Protein  

Fat  

+    132. 22 

-  1.34 

+      10. 14 
+     43. 82 

-  120.  17 
+    1!19. 93 

-  1. 50 

+  1.69 

4-  5.35 
+  33.35 
-  53.36 

+  .71 
-1-    5.  17 
-    7.  45 
+  22.37 

+  2.23 
+  5.30 
-     .59. 36 
+    177. 5(i 

Glycogen   

Water  

Ash  

-  1.50 

Total  

Second  day. 

Income: 

Oxygen  from  air  

-1-    132. 22 

+  1.69 

-  14  66 

+  20. 8O' 

-1-    125. 73 

-  1.34 

1,652.56 
1,9.50.00 
2,970.10 
929.  90 

1,652.56 
1,731.80 
2, 637.  75 
292. 94 

Water  in  drink  ,  

218.  20 
332.  35 
77.86 

Water  in  food  

Solids  in  food  

Total  

Outgo: 

Water  in  feces  

18.  68 

518.42 

22.00 

7, 502.  56 

18.68 

5ia42 

62a  41 

6,315.05 

22.00 

191.  30 
48.  40 

927.  50 
45.  50 

4, 179.  78 
1,813.56 

21.  41 
4  07 
103.  79 
3. 16 

467.  64 

169.  89 
a63 

823.71 
5.23 

3, 711.  49 
1,31a  96 

Solids  in  feces  

Water  in  urine  

1.80 

26.80 

9.10 

Solids  in  urine  

Water  of  respiration  and  perspi- 
ration   

15.49 
f.  65 

12  52 

9. 10 

CO2  of  respiration  

494  60 

Total  

Gain  (+)  or  loss  (— )  

Ash  of  protein  gained  



7, 206.  04 

17.94 

533.92  j  600.07 

0,035.91 

ia20 

+    296. 50 
+  .07 

-1-  .74 

-  15.50 

-1-  2a  34 

+    279. 14 

+  3.80 
+  .07 

Gains  and  losses  of  body  material: 

Protein  

Fat  

4-    296. 57 

+  3.87 

+       4  44 

-  68.04 
+     76. 52 
+    279. 87 
+  3.80 

-1-  .74 

+  2.34 
-  51.78 
+  33.98 

4-  .31 

-  a  03 

+    4  74 
+  31.32 

-1-  .98 

-  a23 
+     37. 80 
+    24a  55 

+  .07 

Glycogen  

Water  

Ash  

+  3.80 

Total  

Tliird  day. 

Income: 

Oxygen  from  air  

+    296. 57 

+  .74 

-  15.46 

+  28.34 

+    279. 10 

+  3.87 

1, 517.  80 
1,950.00 
3,011.  70 
948.  .SO 

1,517.80 
1,731.80 
2, 074  69 
296. 19 

Water  in  drink  

21a  20 
337.  01 
79.  76 

Water  in  food  

 j  

Solids  in  food  

Total  

18.95  531.00 

22.  40 

7,427.  80 

18.  95 

531.00 

634  97 

6,220.48 

=== 

22.  40 

*Asli  here  considered  an  element.  t  Nitrogen  of  perspiration. 
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Table  118. — Daily  (juins  or  losses  of  bodyDiaU'iials,  nietabolisin  experiments  Nus.  56-58 

and  60-6}' — Continued. 


(o) 
Total 
weight. 

(6) 
Nitro- 
gen. 

(c) 
Carbon. 

Hydro- 
gen. 

(e) 
Oxygen. 

(/) 
Ash. 

Experiment  No.  56 — Continued. 

Third  d(iy — Continued. 

Outgo; 

W liter  in  feces  

Gro  jfis. 
191.  30 

48  40 
914  30 

44.80 

3,907.  14 

1    (1*17  Vi 

Lrrti//to . 

21.  41 
4  07 
102.  31 
3.52 

437, 14 

Grams . 
169. 89 
6.  03 
81l!  99 
1.  15 

3, 469.  35 
1  234  48 

Solids  in  feces  

Water  in  urine  

1  80 

26. 80 

9,  10 

 9. '66 

Solids  in  urine 

Water  of  respiration  and  perspi- 
ration   

17. 17 
*.  65 

13.96 

COa  of  respiration  

462.  91 

Total  

Gain  (+)  or  loss  ( — ) 
Ash  oi  protein  lost 

6, 803.  33 

19.62 

503,  67 

568,  45 

5, 693.  49 

18,10 

+    624. 47 
.06 

-  .67 

+    27, 33 

+  66.52 

f     526. 99 

+  430 
-  ,06 

(iains  and  losses  of  body  material: 

Protein  

Fat  

+  4  24 

4.02 
+       3. 12 
-t-     61. 14 
+    559. 87 
-t-  4.30 

-  .67 

-     2. 12 
+  2.37 
+    27, 14 

.28 

+  .37 

+       ,3. 79 

.89 

+  ,38 
+       30, 21 

-  .06 

Glycogen 

Water 

+      62.6,')  +  497,22 

Ash  . 

+  4  30 

Total  

Total,  3  dai/n. 

Inconic: 

Oxygen  fi'oni  air 

_l_    524. 41 

  ^ 

+    27. 39 

+     66, 53 

+     526. 92 

+  4  24 

4, 715.  60 
5,850.00 
8,917.30 
2,792.70 

4,715.60 
5, 195.  40 
7,919.46 
879. 26 

Water  in  drink  

654.60 
997.  84 
233.90 

Water  in  food 

Solids  in  food  

Total 
Outgo: 

•Water  in  feces  

56.08 

1,557.36 

66.  10 

22, 275.  60 

56.08 

1,557,  36 

1,886.34 

18. 709.  20 

66. 10 

573.90 
1 45. 20 

3, 267!  60 
160. 10 

11,789. 19 

64.23 
12.21 
365. 65 
9.60 

1, 318. 99 

509.67 
19.89 
2,901.95 
33. 28 

10, 468. 25 

Solids  in  feces  

Water  in  urine  

5  40 

80.40 

27.  30 

Solids  in  urine 

Water  of  respiration  and  perspi- 
ration   

46.97 
*1.95 

38, 05 

32. 26 

COi  of  respiration  

1, 441, 76 

3,844  80 

Total  

Gain  (+)  or  loss  ( — ) 
A.'^h  of  protein  gained. 

21,222.55 

54, 32 

1,560,21  1,770,68 

17,777.84  59.50 

+  1,053.05 
+  .17 

+  1.76 

-     2.85  +  115.66 

+  931.88 

+  6.60 
+  .17 

Gains  or  losses  of  liody  material: 

Protein  

Fat  



+  6.77 

+  10.56 
-  21.10 
+  17.49 
+  1,039.67 
+  6,60 

+  1.76 

+  .    ,5. 57 
-    16. 06 

+  .74 
-  2.49 
+  1.08 

+  2.32 
-        2.  .'55 
+  8.65 
+     923. 33 

+  .17 

Glycogen  

+  7.76 

Water  

+    116, 34 

Ash  

+  6.60 

Total ... 

EXI'ERIMENT  No.  .57. 

First  diti/. 

I  neonie : 

Oxygen  from  air  

+  1,053,22 

+  1.76 

-  2.73 

+    115, 67 

+     931. 75 

+  6.77 

1,608.76 
2.291.00 
2, 310. 10 
1,214.90 

1,608. 76 
2,034  64 
2,051,60 
536, 24 

Water  in  drink  

1 

256.  36 
258.50 
83.32 

Water  in  food  

Solids  in  food  

Total  

i7.  63 

557.  41 

20.  30 

7, 424. 76 

17.  63 

5.57. 41 

598. 18 

6,231.24 

20.30 

*  Nitrogen  of  perspiration. 
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Table  118. — Daily  gains  or  losses  of  body  viatcrials,  metabolism  experiments  Nos.  56-58 

and  60-67 — Continued. 


Expekiment  No.  57 — Continued. 
First  day— Continued. 

Outgo: 

Water  in  feces  ,. 

Solids  in  feces  

Water  in  urine  

Solids  in  urine  

Water  of  respiration  and  perspi- 
ration  

CO2  of  respiration  

Total  

Gain  (+)  or  loss  (— )  

Asli  of  protein  gained  

Gains  or  losses  of  body  material: 

Protein  

Fat  

Glycogen  

Water  

Ash  

Total  

Second  day. 

Income: 

Oxygen  from  air  

Water  in  drink  

Water  in  food  

Solids  in  food  

Total  

Outgo: 

Water  in  feces  

Solids  in  feces  

Water  in  urine  

Solids  in  urine  

Water  of  respiration  and  perspi- 
ration   

C02  of  respiration  

Total  

Gain  (+)  or  loss  (— )  

Ash  of  protein  lost  

Gains  or  losses  of  liody  material: 

Protein  

Fat  

Glycogen  

Water  , 

Ash  , 

Total  

Third  day. 

Income: 

O-xygen  from  air  

Water  in  drink  , 

Water  in  food  

Solids  in  food  

Total  


(a) 
Total 
weight. 

(0) 
Nitro- 
gen. 

(0 
Carbon. 

(d) 
Hydro- 
gen. 

(.e) 
Oxygen. 

(/) 
Ash. 

Grams. 
298.  53 

52. 27 
932. 21 

57.29 

3, 895.  40 
2,092.  88 

Grams. 

Grams. 

Grams. 
33.41 
3.  47 
104.  31 
2.82 

435. 82 

Grams. 
265. 12 

12.86 
827. 90 

17.88 

3, 458. 94 
1, 522. 09 

Grams. 

2. 91 

25. 29 

7. 74 

13.21 
*.  64 

10.71 

12.67 

570. 79 

7, 328.  58 

16.76 

606. 79 

579. 83 

6, 104. 79 

20.  41 

-f     96. 18 
-f  .08 

+  .87 

-49.38 

-1-  18.35 

+  126.45 

-  .11 
+  .08 

+     96. 26 

-  .03 

+  5.22 
+     21. 07 

-  153. 47 
+    223. 56 

-  .11 

-f  .87 

+  2.76 
+  16.03 
-68. 14 

+  .37 
+  2.49 
-  9.52 
+  25.02 

+  1.14 
+  2.55 
-  75.81 
+  198.53 

+  .08 

-  .11 

+     96. 26 

-f  .87 

-49.35 

+  18.36 

+  126.41 

-  .03 

1,562. 83 
2,291.00 
2, 394.  70 
1,215.30 

1, 562. 83 
2,034.64 
2, 126.  73 
6.36.  39 

256. 36 
267. 97 
83. 18 

18. 23 

556. 70 

20.80 

7, 463. 83 

18.  23 

556.  70 

607. 51 

6,260.59 

20.80 

298.  53 
52. 27 

789. 10 
48.50 

4,192. 11 
1,988.80 

33.  41 
3.47 

88.30 
3. 20 

469. 03 

265. 12 
12.86 
700. 80 
7.43 

3, 722.  44 
1,  446.  41 

2. 91 

25.29 

7. 74 

14.99 

*.  64 

ii  16 

10.72 

542.39 

7, 369.  31 

18.  54      579. 84 

597.41  6,155.06 

18.46 

+     94. 52 
-  .03 

-  .31 

-23.14 

+  10.10 

+ 105.  53 

+2.  34 
-  .03 

+     94. 49 

+2.  31 

1.86 
-     30. 30 
+  2.08 

-  .31 

-  .98 
-23.06 
+  .92 

-  .13 

-  3.58 
+  .13 
+  13.68 

-  .41 

-  3.66 
+  1.03 
+  108.55 

-  .03 

+  2.34 

+2.  34 

+     94. 49 

-  .31 

-23. 12 

+  10.10 

+  105.51 

+2.  31 

1,556.  79 
2,291.00 
2, 394.  70 
1,215.30 

1,556. 79 
2,034.  64 
2. 126.  73 
536.  39 

256. 36 
267.  97 
83. 18 

18.23 

556. 70 

20.80 

7, 457. 79 

18.  23 

556. 70 

607. 51 

6, 254.  55 

20.80 

*  Nitrogen  of  perspiration. 


I 
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Table  118. — Daily  (jains  or  losses  of  body  materials,  metabolism  experiments  Nos.  56-58 

and  60-67 — Continued. 


(a) 
Total 
weight. 

<b^ 
Nitro- 
•  gen. 

Carbon. 

(d) 
Hydro- 
gen. 

(O 
Oxygen. 

(/  ) 
Ash. 

Experiment  No.  57 — Continued. 
Third  day — Continued. 

Outgo: 

Grams. 
298.  53 

52!  27 
806.  53 

49.  57 

4, 033.  42 
1,953.01 

Grams. 

Grams. 

Grams. 
33. 41 
3^47 
90. 25 

3. 37 

451. 27 

Grams. 
265. 12 
12.86 
716.  28 
6.62 

3, 581. 51 
1,420. 38 

Grams. 

2.  91 

25.29 

7.74 

Water  of  respiration  and  pcrspi- 

15.80 
*.  64 

12.82 

10.  90 

CO2  of  respiration  

532.63 

7, 193.  33 

19.35 

570. 74 

581. 77 

6,002.  77 

18.  70 

Gain  (+1  or  loss  (— )  

Ash  of  protein  lost  

+    264. 46 
.10 

-1. 12 

- 14. 04 

+  25.74 

4-251.  78 

4-2. 10 
-  .10 

Gains  or  losses  of  body  material: 

+    264. 36 

4-2. 00 

6.72 
-     55. 22 
+     71. 10 
4-    253. 10 
+  2.10 

-1. 12 

-  3.55 

-  42. 02 
+  31.57 

-  .47 

-  6.52 
-1-  4.41 
+  28.32 

-  1.48 

-  6. 68 
4-  35.12 
4-224.78 

-  .10 

Ash  

4-2. 10 

Total  

+    264. 36 

-1.12 

-14.00 

+  25.74 

4-251.74 

4-2.00 

Total.  3  dui/s. 

Income: 

Oxvpen  from  air  

4,728.38 
6,873.00 
7, 099.  50 
3, 645.  50 

4, 728.  38 
6, 103.  92 
6,  305.  06 
1,()09.  02 

Water  ill  drink  

769. 08 
794.  44 
249.  68 

Water  in  food  

Solids  in  food  

Total  

Outgo: 

Water  in  feces  

54.09 

1,670.81 

61.  90 

22, 346.  38 

54.09 

1,670.  81 

1,813.20 

18, 746.  38 

795.  36 
.38.58 
2,244.98 
31.  93 

10, 762. 89 
4, 388.  88 

61.90 

895.  59 
156. 81 
2, 527.  84 
155.  36 

12, 120. 93 
6, 034.  69 

100.23 
10.  41 
282. 86 
9.  39 

1.366. 12 

Solids  in  feces  

Water  in  urine  

8.73 

75.87 

23. 22 

Solids  in  urine  

Water  o^respiration  and  per.spi-  ■ 
ration  

44. 00 
*1. 92 

35.69 

34.  35 

CO2  of  respiration  

1,645.  81 

Total  

Gain  (+)  or  loss  (— )  

Ash  of  protein  lost  

21,891.22 

54.65 

1,757.37 

1,759.01 

18, 262.  62 

57.57 

+    455. 16 
.05 

-  .56 

-86. 06 

-1-  54.19 

4-483.76 

4-4.33 
-  .05 

Gains  or  losses  of  body  material: 

Protein  

Fat  

+    455. 11 

4-4.  28 

3.36 

-  64. 45 

-  80. 29 
+    598. 88 
4-  4.33 

-  .56 

-  1.77 
-49.05 
-35.65 

-  .23 

-  7.61 

-  4.98 
+  67.02 

-  .75 

-  7.79 

-  39.66 
4-531.86 

-  .05 

Glycogen  

Water  

Ash  

4-4.33 

Total  

Experiment  No.  58. 
First  day. 

Income: 

Oxygen  from  air  

4-    455. 11 

-  .56 

-86.  47 

4-  54.20 

4-483.66 

4-4.28 

528.50 
400.00 
558.50 
326.  50 

528.  50 
355.  24 
496.  00 
138. 13 

44.76 
62.  50 
21.  97 

Solids  in  food  

6.58 

149.  82 

10.00 

4,813.50 

6.58  1  149.82 

129.  23 

1,517.87 

10.00 

*  Nitrogen  of  perspiration. 
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Table  1]8. — Daily  gams  or  losses  of  body  materials,  metabolism  experiments  Nos.  56-58 

and  60-67 — Continued. 


Experiment  No.  58— Continued. 
First  day — Continued. 

Outgo: 

Water  in  feces  

Solids  in  feces  

Water  in  urine  

Solids  in  urine  

Water  of  respiration  and  per- 
spiration   

CO2  of  respiration  

Total  

Gain  (+)  or  loss  (— )   

Ash  of  protein  lost  


Gains  or  losses  of  l)ody  material: 

Protein  

Fat...  

Glycogen  

Water  

Ash  

Total  

Second  day. 

Income : 

Oxygen  from  air  

Water  iu  drink  

Water  in  food  

Solids  in  food  

Total  

Outgo: 

Water  in  feces  

Solids  in  feces  

Water  in  urine  

Solids  in  urine  

Water  of  respiration  and  per- 
spiration   

CO2  of  respiration  

Total  


Gain  (+)  or  loss  (— ) . 
Ash  of  protein  lost . . . 


Gains  or  losses  of  body  material: 

Protein  

Fat  

Glycogen  

Water  

Ash  

Total  

Third  day. 

Income: 

Oxygen  from  air  

Water  in  drink  

Water  in  food  

Solids  in  food  

Total  


(a) 
Total 
weight. 

(6) 
Nitro- 
gen. 

(c) 
Carbon. 

W) 
Hydro- 
gen. 

(e) 
Oxygen. 

(/) 
Ash. 

Grams. 
34.  77 

13.  57 
372. 90 
30  90 

c;n7  1 Q 

0U(.  lo 

628.  07 

Grams. 

Grams. 

Grams. 
3.  89 
.86 
41.  73 
1  fin 

00.  10 

Grams. 
30.  88 
3.  33 
331. 17 
8. 90 

45U.  00 
456.  78 

Grams. 

0.40 

6.28 

2.70 

7  7Q 

D.  0( 

5.  65 

171. 29 

1, 587.  34 

8. 19 

184.  44 

104.  92 

1,281.  44 

8.  35 

+226. 16 
-  .15 

—  1.  61 

—  34.  62 

+24.  31 

+  236.  43 

+  1  65 
-  .15 

-+226.  01 

+1.50 

-  9.66 

-  49.24 
+  17.99 
+265  26 
+    1. 65 

-  1.61 

-  5.10 

—  37.  47 
+    7. 99 

-  .68 

—  5.  81 
+  1.11 
+29.  68 

-  2.12 

-  5.96 
+  8.89 
+235.  58 

-  .15 

+  1.  65 

+226. 00 

-  1.61 

-  34.58 

+24.30 

+236.  39 

+  1.50 

548.  98 
400.  00 
536.  80 
323.  20 

548.  98 
355.  24 
476.  73 
137. 18 

44.  76 
60.07 
21.  72 

6.  45 

148. 05 

9.80 

1,808.98 

6.  45 

148. 05 

126.  55 

1,518.13 

■  9.  80 

34.  77 
1         1.3. 57 
366.  90 
32.  80 

OOQ  TO 

644.  54 

3.  89 
.86 
41.  06 
1.  79 

y^.  /4 

30.  88 
3.33 
325.  84 
9.  85 

736. 04 
468.74 

.40 

6.28 

2.70 

5.  60 

175. 80 

1, 921.  36 

8.  67 

189.  37 

140.  34 

1,574.  68 

8.  30 

-112.  38 
-  .20 

—  2.  22 

—  41.  32 

-13.  79 

-  56.55 

+1  50 
-  .20 

112.  58 

+1.30 

-  13.32 

-  59.33 
+  24.47 

-  65.91 
+  1.50 

-  2.22 

-  7.03 

—  45. 15 
+  10.  86 

-  .93 

-  7. 00 
+  1.52 

-  7.38 

-  2.94 

-  7.18 
+  12.09 

-  58.53 

-  .20 

+  1.50 

-112.59 

^  2.22 

-  41.32 

-13.79 

-  56.56 

+1.30 

.      589. 13 
263.  00 
619.  30 
335.  70 

589. 13 
233.  57 
550.00 
140.72 

29.43 
69.30 
22.68 

6.95 

154.75 

10.60 

1,807  13 

6.95 

154.  75 

121.  41 

1 , 513.  42 

10.60 
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Table  118. — Daily  gains  or  losses  of  body  materials,  rndabolisvi  experiments  Nos.  56-58 

and  60-67 — Omtinued. 


(0) 
Total 
weight. 

(6) 
Nitro- 
gen. 

Grams. 

(c) 
Carbon.. 

(d) 
Hydro- 
gen. 

(e) 
Oxygen. 

Ash. 

Hi.Vl'fcKIMi.JN  1              oo  v.'OJlCiuueu. 

Third  day— Continued. 

Outgo; 

Water  in  feces  

Grams. 
■M.  77 
13.  57 
410.  00 
37.00 

HIO.  94 

Grams. 

Grams. 
3.89 
.86 
45.  88 
2.02 

91.  42 

Grams. 
30.  88 
3.33 
364.  12 
11. 16 

72.5.  52 
513.  66 

Grams . 

Water  in  urine  

0.  40 

a  28 

2,  70 

Soliils  ill  urine  

Water  of  respiration  and  per- 
spiration  

9.  34 

8.22 

6.  26 

CO2  of  respiration  

Gain  (+)  or  loss  (  — )  

Ash  of  protein  lost  

706.  27 

192.  61 

2,018.55 

9.74 

207.  11 

144.07 

1.648.67 

8.96 

-211.  42 
-  .26 

-  2.79 

-  52.36 

-22.  66 

-135.25 

+  1.  64 
-  .26 

Gains  or  losses  of  Ijody  material: 

Protein  

Fat  

1 

-211.  68 

 1  

- 

+  1.38 

-  16.74 

-  47.86 

-  16.00 
-132.72 
+  1.64 

-  2.79 

-  8.84 

-  36.42 

-  7. 10 

-  1.  17 

-  5.65 

-  .99 

-  3. 68 

-  5. 79 

-  7.91 
-117.87 

-  .26. 

Glycogen  

Water  

-14.  85 

Ash  

+  1.64 

Total  

Total,  a  days. 

Income : 

Oxygen  from  air  

-211.  68 

-  2.79 

-  52.36 

-22.66 

-135.25 

+1.38 

1,666.61 
1,063.00 
1,714.60 
985.  40 

1,666.  61 
944.  05 

1,522.  73 
416.  03 

Water  in  drink  

118.  95 
191!  87 
60.  37 

Water  in  food  

Solids  in  food  

Total  

Outgo: 

Water  in  feces  

19.98 

452.  62 

30.40 

5, 429.  61 

19.98 

452.  62 

377. 19 

4, 549.  42 

30.40 

104.  31 
40.  71 
1.149.  SO 
100.70 

2, 152.  85 
1,978.  88 

11.67 
2.58 
128.  67 
5.50 

240. 91 

92.  64 
9.99 
1,021. 13 
29.91 

1,911.  94 
1, 439. 18 

Solids  in  feces  

Water  in  urine  

1.  20 

18.84 

8. 10 

Solids  in  urine  

Water  of  respiration  and  per- 
spiration   

25.40 

22.  .38 

17.  51 

CO2  of  respiration  

bm.  70 

Total  

Gain  (  +  )  or  loss  (— )  

A.sh  of  protein  lost  

5, 527.  25 

26.  60 

5S0.  92 

389.  33 

4, 504  79 

25.61 

-  97.64 

-  .61 

-  6.62^ 

-128.30 

-12.14 

t-  44.63 

+4.79 
-  .61 

Gains  or  losses  of  body  material: 

Protein  

Fat  

■ 

-  98.25 

+  4. 18 

-  39.72 
-156.43 
+  26.  46 
4-  66.63 
4-  4.79 

-  6.62 

-  20.97 
-119.04 
-1-  11.75 

-  2.78 
-18.46 
+  1.64 
+  7.45 

-  8.74 

-  18.93 
+  13.07 
+  59.  18 

-  .61 

Glycogen  

Water  

Ash  

+  4.79 

Total  

Experiment  No.  (iO. 
First  day. 

Income: 

-  98.27 

-  6.62 

-128.26 

-12. 15 

+  44.58 

+4. 18 

623.  41 
700.00 
1,159.30 
526.  70 

623.  41 
621.  67 
1 . 029.  57 
207.  83 

Water  in  drink  

78.33 
129.  73 
36.  27 

Water  in  food  

Solids  in  food  

Total  

16.33 

250.07 

16.20 

3,009.41 

16.33 

250.07 

244.  33 

2,482.48 

16.20 

21482— No.  175—07  21 
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Table  1J8. — Daily  gains  or  losses  of  body  materials,  metabolism  experiments  Nos.  56-58  . 

and  60-67— Continued . 


Experiment  No.  60— Continued. 
First  day — Continued. 

Outgo: 

Water  in  feces.  

Solids  in  feces  

Water  in  urine  

Solids  in  urine  

Water  of  respiration  and  per- 
spiration   

CO2  of  respiration  

Total  

Gain  (+)  or  loss  (— )  

Ash  of  protein  lost  

Gains  or  losses  of  body  material: 

Protein  

Fat  

Glycogen  

Water  

Ash  

Total  

Second  day. 

Income: 

Oxygen  from  air  

Water  in  drink  ■  

Water  in  food  

Solids  in  food  

Total  

Outgo: 

Water  in  feces  

Solids  in  feces  

Water  in  urine  

Solids  in  urine  

Water  of  respiration  and  per- 
spiration   

CO2  of  respiration  

Total  

■  Gain  (+)  or  loss  (- )  

Ash  of  protein  gained  

Gains  or  losses  of  body  material: 

Protein  

Fat  :  

Glycogen  

Water  

Ash  

Total  

Third  day. 

Income: 

Oxygen  from  air  

Water  in  drink  

Water  in  food  

Solids  in  food  

Total  


(a) 
Total 
weight. 

(f) 
Nitro- 
gen. 

Carbon. 

Hydro- 
gen. 

(e) 
Oxygen. 

(/) 
Ash. 

Grams. 
97.  07 
29.  33 

1,046.  32 
61.  48 

959.  54 
770.  68 

Grams. 

Grams. 

Grams. 
10.80 
1.  78 
117.  08 
3.41- 

107.  37 

Grams. 
86.21 
7. 12 
929.  24 
10.84 

852. 17 
500.48 

Grams. 

1.  72 

1.3.  41 

5.30 

10.  45 

14.  01 

10. 17 

210.  20 

2, 964.  42 

18. 17 

238. 22 

240.50 

2, 446. 06 

21.  47 

+  44.99 
-     .  17 

-  1.84 

+  11.85 

+  3.83 

+  30.42 

-  5.27 

-  .  17 

+  44.82 

-  5.44 

-  11.04 

-  2.73 
4-  44.50 
+  19.36 

-  5.27 

-  1.84 

-  5.83 

-  2.08 
+  19.76 

-  .77 

—  .  32 
+  2.76 
+  2. 10 

-  2. 43 

-  .33 
+  21.98 
+  17.20 

-  .17 

-  5.27 

1 

+  44  82 

-  1.84    +  11.85 

+  3.83 

+  36.42 

-  5.44 

627.  27 
700.  00 
1.054.80 
525.  20 

627. 27 
621.  07 
936.  77 
205.  71 

78.33 
118.03 
36.27 

17.02 

250. 10 

16.  io 

2, 907.  27 

17.02 

250. 10 

232.  63 

2, 391.  42 

16.10 

97.  07 

10.  80 
1.  78 
106.  45 
3. 05 

30.45 

86.21 
7. 12 
844.  85 
10.  30 

241.  70 
553.  78 

29.  33 
951.  30 

1.  72 

13.  41 

5.  30 

55.90 

272. 15 
761.  43 

14.  74 

13. 10 

14.71 

207.  65 

2, 167. 18 

10.  46  ;     234.  16 

152.  59 

1,743.96 

20.01 

+  740.09 
+  .05 

+  .56 

+  15.94 

+80. 04 

+647. 46 

-  3.91 
+  .05 

+740. 14 

-  3.86 



+  3.36 

-  16  03 
+  59.56 
+  697. 16 

-  3.91 

+  .56 

+  1.77 
-  12.20 
+  26.45 

'+  .24 
-  1.89 
+  3.69 

+  .74 
-  1.94 
+  29.42 
+619. 15 

+  .05 

+  78.01 

-  3.91 

+  740,  14 

+  50 

+  16.02 

+  80.05 

+  647.37 

-  3.86 

635.  72 
700,00 
1,054.80 
625,  20 

635.  72 
621.  67 
930.  77 
205.  71 

78. 33 
118.03 
36.27 

17  02 

250. 10 

16. 10 

2,915  72 

17.02 

250.10 

232.  63, 

2,399.87 

16.10 

323 


Tahlk  I  Is.  —Dailij  (jain^  or  tosnen  of  bodt/  rnaLeriah,  inelabnlism  experiments  Nos.  ')i:-5S 

and  60-67 — Conl iniu'(  1 . 


(a) 
Total 
weight. 

(6) 
Nitro- 
gen. 

carbon.  I  «y<i- 

(e) 
Oxygen. 

Ash. 

E.XPERIMENT  No.  fifl— Continued. 
Third  day — Continued. 

Outgo: 

Grams. 

97.07 
4  29.33 
1,298.88 

Grams. 

Grams. 

Grams. 
10. 86 
1.78 
145.34 
3.31 

134. 13 

Grams. 
86.21 
7. 12 

1, 153.  54 
22.81 

1,064.56 
587.  49 

Grams. 

Water  ill  urine  

1.72 

13.41 

5.30 

Solids  ill  urine  

Water  of  resjiiratinii  and  ])erspi- 
ration  

76.32 

1,19S.  69 
80r.  78 

15.  95 

14. 17 

20. 08 

COj  of  resDiration  

220. 29 

Total  

(Jain  (+  1  or  loss  (—  i  

.Vsh  of  protein  lost  

3, 508. 07 

17.67 

247. 87 

295.  42 

2,921.  73 

25.38 

-    592. 35 
.06 

-  .65 

+  2.23 

-  62.79 

-  521.86 

—  9.28 

-  .06 

Gains  or  losses  of  body  material: 

I'rotein  

Fat  



-    592. 41 

-  9.34 

3.90 
+     30. 19 

-  42.25 

-  567. 17 

-  ^  9.28 

--  .65 

—  2. 06 
+  22^98 

—  18.  76 

-  .27 
4-    3.  ,5(1 

.86 

+       3. 65 

-  .06 

-    2.62  I  -  20.87 

Water  

-  63.40 

-    503. 71 

.Vsh  

-  9.28 

I'olill  

Total,  3  days. 

Ineonie: 

Oxygen  from  air  

-    592. 41 

-  .65 

+  2.16 

-  62.79 

-    521. 79 

1,886.  40 
1,865.01 
2,903.11 
619. 25 

-  9.34 

1,886.40 
2. 100. 00 
3,268.90 
1,577. 10 

Water  in  drinlc  

234.  99 
365. 79 
108. 81 

Water  in  food  

Solids  in  food  

Total  

Outgo: 

Water  in  feces  

50.37 

750. 27 

48.40 

8,832.40  50.37 

750. 27 

709. 59 

7,273. 77 

48.  40 

291.21 
87. 99 
3, 296.  50 
193.70 

2,430.38 

32.  .W 

2,'i8.  63 

Water  in  urine  

5. 16 

40. 23 

5.  .34  1  21.36 
358.87  '  2,927.63 
9.77  1  43.95 

1 

271.  fl.'i  i      2.  l.W.  43 

15. 90 

Solids  in  urine  

Water  of  respiration  and  perspi- 
ration   

47.  14 

41.88 

50.  96 

CO-i  of  respiration  

2,339.89 

638. 14 

1,701.75 

Total  :.. 

(iain  ( +  1  or  loss  ( -  i  

.Vsh  of  protein  lost  



8,639.67 

52.30 

720. 25 

688.51 

7,111.75 

66.  86 

+    192. 73 
.  18 

-  1.93 

+  30.02 

+  21.08 

+    162. 02 

-18.  46 
-  .18 

Ciains  or  losses  of  l>ody  material: 

I'rotein  

Fat  

+    192. 55 

- 18.  64 

-  11.58 
+  11.43 
+  61.81 
+  149.35 

-  18. 46 

-  1.93 

-    6.  12 
_l_    8  70 
+  27^45 

-  ■   .80     -       2.  ,55 
+    1 .  S.'^     -1-       1 .  38 

-    .  18 

Olvcogen  _  

+  3.83 
+  16.71 

+     30. 53 
+    132. 64 

Water  

.Vsh  

-18.  46 

Total  '.  

EXTEKIMENT  .No.  (11 . 

Income: 

O.Wgen  from  air  

+  192.55 

-  1.93 

+  30.03 

+  21.09 

+    162. 00 

-18.  64 

1,309.09 
1,834.00 
1,029.  50 
657.  .50 

1,309.09 
1,628.  78 
914.  30 
230.54 

Water  in  drink  

205.22 
115.20 
50.  74 

Water  in  food   . 

Solids  in  food  

Total  

16.52 

341.  40 

18.30 

4,830.09 

16.52 

341.40 

371. 16 

4,082. 71 

18.  .30 
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Table  118. — Daily  gains  or  losses  of  bcdy  materials,  uutaholisjti  rxperiweiits  yos.  56-58 

and  60-67 — rontinr.ed. 


Experiment  No.  61— Continued. 
Outgo: 

Water  in  feces  

Solids  in  feces  

Water  in  urine  

Solids  in  urine  

AVater  of  respiration  and  perspi- 
ration  

CO2  of  respiration  


Total . 


Gain  (+ )  or  loss  (— ) . 
Ash  of  protein  lost. . . 


Gains  or  losses  of  body  material: 

Protein  

Fat  

Glycogen  

Water  

Ash  


Total  

Experiment  No.  02. 
First  day. 

Income: 

Oxygen  from  air  

Water  in  drinl<  

Water  in  food  

Solids  in  food  


Total. 


Outgo: 

Water  in  feces  

Solids  in  feces  

Water  in  urine  

Solids  in  urine  

Water  of  respiration  and  perspi- 
ration   

CO2  of  respiration  


Total. 


Gain  (+)  or  loss  (— ) . 
Ash  of  protein  


Gains  or  losses  of  body  material: 

Protein  

Fat  

Glycogen  , 

Water  

Ash  


Total. 


Second  day. 

Income: 

Oxygen  from  air  

Water  in  drink  

Water  in  food  

Solids  in  food  


Total- 


(°) 

Total 
Wi  ight. 

(") 
Nitro- 
gsn. 

(c) 
Carbon. 

(d) 
Hydro- 
gen. 

(e) 
Oxygen. 

(/) 
Ash. 

Grams. 
92.  07 
30.  73 
843. 00 
t02.79 

2.869.45 
1,599.  63 

Grams. 

Grams. 

Grams. 
10. 37 

2.16 
94.33 

3.35 

321. 09 

Grams. 
82.30 
6.42 
748.  67 
14.77 

2, 548. 36 
1, 163. 38 

Grams. 

1.64 

15.45 

5.06 

*:-.  25 

12.85 

14.57 

436. 25 



5, 498. 27 

18.89 

464.  55 

431. 30 

4,503.90 

19. 63 

-  668. 18 

—  .  22 

—  2. 37 

— 123. 15 

-  60.14 

-    481. 19 

—  1. 33 

-  .22 

-    668. 40 

-  1.55 

-  14.22 
-1-  9.85 

-  277. 40 

-  385.  .30 

-  1.33 

-  2.37 

-  7.51 
-1-  7.50 
-123.17 

-  .99 
+  1.16 

-  17.20 

-  43. 12 

3. 13 
-1-  1.19 

-  137. 03 

-  342. 18 

-  .22 

—  1.33 

-    668. 40 

-  2.37 

-123.18 

-  GO.  15 

-    481. 15 

-  1.55 

1,371.67 
2,797. 90 
779. 40 
969. 60 

1,371. 67 
2, 484. 81 
692. 19 
.  409.88 

313. 09 
87.21 
68.65 

16.86 

454.  91 

19. 30 

5,918.57 

16. 86 

454.91 

468. 95 

4, 958. 55 

19.30 

151.60 
47.  33 

490.  £0 
49.  70 

3, 415. 85 
1,695. 94 

16.  96 
2.  76 

54. 89 
2.79 

382. 23 

134. 64 
11.97 

435. 61 
13.  60 

3, 033.  62 
1,233.42 

2.31 

21.52 

8. 77 

14.57 

11.83 

6. 91 
■ 

462.  52 

5,850.92 

16. 88 

495. 87 

459. 03 

4,802.86 

15. 68 

+     67. 65 

—  .02 

—  40.96 

-1-  9.32 

-t-     95. 69 

-1-  3.02 

+     67. 65 

.12 

-1-     26. 65 

-  46. 37 
+  137.17 

-  3. 62 

-  .02 

-  .06 

-  20.28 

-  20.59 

-  .01 

-  3.14 

-  2.87 
+  15.35 

.03 
3.23 
-     22. 91 
-1-    121. 82 

+  3.62 

+  67.65 

-  .02 

-  40.93      4-  9.33 

-1-     95. 05 

+  3.62 

1.387.67 
2. 879. 10 
074. 10 
965.  90 

i 

1.387.07 
2. 556.  93 
598. 67 
405. 40 

322. 17 
75.43 
i<8.90 

16. 85 

.  . 
455.75 

19.00 

5,906.77 

16.85 

455.  75  !       466.  50 

4.948.67 

19.00 

*  Nitrogen  of  perspiration. 


Tabi-e  1  l8.^/-'«i7(/  f/ains  or  losses  of  body  maleiials.  mctnhoUsni  experimenls  Nos.  56-58 

and  1)0-67 — ( Vmtinuod . 


Kri-ERiMENT  No.  62 — Continued. 
Second  day — Continued. 

Outgo: 

Water  ill  IVci-s  

Solids  in  frci  s  

Water  in  urine  

Solids  in  urine  

Water  of  resiiiration  and  perspi- 
ration   

COs  of  rcsjiiralion  


Total . 


Gain  (+)  or  loss  (— ) . 
.\  sh  of  protein  lost . . . 


Gains  or  losses  of  body  material: 

I'rotein  

Kat  

Glycogen  

Water  

Ash  


Total . 


Third  daii. 

Income: 

Oxygen  from  air  

Water  in  drink  

Water  in  food  

Solids  in  food  


Total. 


Outgo: 

Water  in  feces  

Solids  in  feces  

Water  in  urine  

Solids  in  urine  

Water  of  respiration  and  perspi- 
ration  

CO2  of  respiration  


Total. 


Gain  (-1- )  or  loss  (— ) . 
Ash  of  protein  lost . . . 


Ciains  or  losses  of  body  material: 

Protein  "  

Fat  

Glycogen  

Water  

Ash  


Total . 


Total,  3  days. 

Income: 

Oxygen  from  air  

Water  in  drink  

Water  in  food  

Solids  in  food  


Total . 


(a) 
Total 
weight. 

(6) 
Nitro- 
gen. 

(ft 
Carbon. 

(d) 
Hydro- 
gen. 

(«) 
Oxygen. 

(/) 
Ash. 

Grams. 
151.60 

47. 33 
494. 30 

50.10 

2, 933. 95 
1,724.42 

Grams. 

Grams. 

Grams. 
16.  96 
2.  76 
.55. 31 
2. 87 

328.31 

Grams. 
134. 64 
11.97 
438.  99 
1.3.06 

2, 605.  64 
1,254.  10 

Grams. 

2. 31 

21.52 

8.  77 
6.' 97 

I.').  01 

12.19 

470. 32 

5,401.70 

17.32 

504. 03 

406. 21 

4, 458.  40 

15.74 

+  505.07 
.04 

-  .47 

-  48.28 

-1-  60.29 

+  490.27 

-f-  3.26 
-  .04 

-1-  505.03 

+  3.22 

-  2.82 

-  13. 31 

-  82. 39 
+  COO.  29 

-  .47 

-  1.49 

-  10  U 

-  .20 

-  1..57 

.62 
1.61 
-     40. 70 
+    533. 12 

-  .04 

-  .Vi.  .58  1    ~    .5.  11 

+  67.17 

+     8. 26 

+  3.26 

-  £05.03 

-  .47 

-  48.20 

-1-  60.29 

+    490. 19 

+  3.22 

1 , 399. 26 
2, 900. 00 
591.10 
965. 90 

1.399.26 
2, 575.  49 
524.  96 
404. 29 

324. 51 

66. 14 
69. 00 

16.94 

456. 97 

18.70 

5,856.26 

 '  

16.94 

456. 97 

459.  65 

4,904.00 

18.  70 

151.60 
47.33 
626. 70 

16.96 
2. 76 

70.13 
3.21 

399.84 

134.  64 
11.97 

556.  57 
21.  10 

3, 173.  35 
1,237.82 

2. 31 

21.52 

8. 77 

63. 50 

3,573.19 
1,702.02 

16.  75 

13. 61 

fi  CO 

00 

464. 20 

17.60 

6, 164.  34 

19. 06 

499. 33 

492. 90 

5, 135.  45 

-  308.08 

-  .  19 

-  2.12 

-  42.36 

-  33.25 

-    231. 45 

+  1.10 
-  .19 

-  308.27 

+  .91 

-  12. 72 

-  34. 65 

-  2.12 

-  6. 73 

-  26.37 

-  9.29 

-  .89 

-  4.09 

-  1.30 

-  20.98 

2.79 

-  4. 19 

-  10. 33 

-  214. 10 

-  .19 

-    20. 92 

-  241.08 
+  1.10 

+  1.10 

-  308.27 

-  2.12 

-  42.39 

-  33.26 

-  231.41 

+  .91 

4, 158. 60 
8, 577. 00 
2,044.60 
2.901.40 

4, 158.  60 
7,617. 23 

959.  77 
228. 78 
206.  55 

1,815.82 
1,219.57 

50.65 

1,367.63 

57.00 

17,681.60 

50.65 

1,367.63 

1,395. 10 

14,811.22  57.00 

Table  118. — Daily  gains  or  losses  of  body  materials,  metabolism  erperimenis  Nos.  5G-58 

and  60-67 — Continiipd. 


(a) 
Total 
weight. 

(6) 
Nitro- 
gen.* 

(c) 
Carbon. 

id) 
Hydro- 
gen. 

ie)  ! 
Oxygen,  j 

if) 
Ash. 

Experiment  No.  62— Continued. 
Total,  3  days — Continued. 
-Outgo: 

GtQjTTIS  . 
454. 80 
141.  99 

1,611.  50 
163.  30 

9. 922. 99 
5, 122. 38 

GraTits . 

Ijr  /  (X  //I  o . 

(jTCLTflS 

50.88 
8. 28 
180. 33 
8.87 

1,110. 38 

Gtclttis  , 
403.  92 

35. 91 
1.431. 17 

47.  76 

8.812.61 
3, 725. 34 

 :  

Gtclttis 

Solids  in  feces  

(1.  93 

64.  56 

26.31 

\Vater  of  respiration  and  perspi- 

4(i.  33 

37.  63 

22.71 

1,397.04 

17,416.96 

53. 26 

1, 499. 23 

1,358.74 

14, 456. 71 

49.02 

Gain  (+)  or  loss(— )  

Ash  of  protein  lost  

+    21)4. 64 

= 
-  2.61 

-131. 60 

-1-  36.36 

+    354. 51 

-t-  7.98 
-  .23 

■  " 

+  264.41 



-t-  7.75 

Gains  or  losses  of  bodj'  material: 

Fat  

-  15.66 

-  74. 61 

-  2.61 

-  8.28 

-  56.78 

-  66.46 

-  1.10 

-  8.80 

-  9.28 
+  55.  54 

-  3.44 
9.03 

-  73. 04 
+    440. 84 

-  .23 

-    149. 68 
+    496. 38 
4-  7.98 

Ash  

-1-  7.98 

Total  

Experiment  No.  6:3. 
First  day. 

Income: 

Oxygen  from  air  

+    264.41      -  2.61 

—131.52 

+  36.36 

+  354.43 

+  7.  75 

1,408.89 

1 . 408. 89 
2.201.24 
559. 06 
224. 16 

Water  in  drink  

2, 478.  60 
629.  50 
750.  50 

277. 36 
70.  44 
62. 29 

16.  68 

429. 87 

17.50 



5,267.49 

16.  68 

429.87 

410. 09 

4, 393. 35 

17.50 

Outgo: 

97. 15 
35.  75 
913.  45 

10.87 
2. 70 
102. 22 
2. 84 

442.31 

86. 28 
5.50 
811.23 
4.77 

3, 510. 38 
1,164.88 

Water  in  urine  

1.01 

18. 03 

8. 51 

Water  of  respiration  and  perspi- 

45. 05 

3, 952. 09 
1,601.69 

14.  22 

10. 76 

12.  46 

COa  of  respiration  

436. 81 

■  6,645.78 

15.23 

465. 60 

560. 94 

5,583.04 

20. 97 

Gain  (+)  or  loss  (—1  

Ash  of  protein  gained  

-1,.378.  29 
+  .13 

+  1.45 

-  35.73 

-150. 85 

-1,189.69 

-  3.47 

+  .13 

 ; 

Gains  or  losses  of  body  material; 

-1,378. 16 

—  3.34 

+  8.70 

-  13. 35 

-  68. 28 
-1.. 301.  75 

-  3.47 

+  1.45 

+  4.59 

-  10.16 

-  30.32 

-1-      .  61 

-  1.58 

-  4.23 
-145.07 

+  1.92 

-  1.61 

-  33. 73 
-1,156.08 

-H  .13 

Water  

-  3.47 

1 

-1.378.15 

+  1.45 

-  35.89 

-150.87  1  -1,189.50 

-  3.34 

Second  day. 

Income: 

Oxygen  from  air  

1,454.00 
2,200.70 
1,949.60 
745.  40 

1,454.00 
1,954.  44 
1,731.44 
223. 81 

Water  in  drink  

246. 26 
218. 16 
61.  96 

Solids  in  food   

17.11 

420. 22 

22.30 

6,349.70 

17. 11 

420.22  1  ,526.38 

5,363.69 

22.30 

Table  I  \S.^--I>/iili/  iiuins  or  /owes  of  body  nialciials,  metahoHsm  exj)cniue7its  Nos.  '>6-58 

and  60-67 — rontimied. 


E.xi'KKiMKNT  No.  63— Continued. 
Second  day — Continued. 

Outgo: 

Water  in  feces  

Solid.s  in  feces  

Water  in  urine  

Solids  in  urine  

Water  of  respiration  and  perspi- 
ration   

CO2  of  respiration  


Total . 


Gain  (  +  )  or  loss  (.— 
.Vsh  of  protein  lost. 


Gains  or  losses  of  liody  material; 

Protein  

Fat  


Water. 
Ash . . . 


Total. 


Third  dttij. 

Income: 

Oxygen  from  air  

Water  in  drinl<  

Water  in  food  

Solids  in  food  


Total. 


Outgo: 

Water  in  feces  

Solids  in  feces  

Water  in  urine  

Solids  in  urine  

Water  of  respiration  and  perspi- 
ration   

CO2  of  respiration  


Total. 


Gain  (-1- )  or  loss  (  — 
Ash  of  protein  lost . 


Gains  or  1  isses  of  body  material: 

Protein  

Fat  

Glycogen  

Water.-.  

Ash  


Total. 


Total,  S  days 

Income: 

Oxygen  from  iiir. . . . 

Water  in  drinlc  

Water  in  food  

.Solids  in  food  


Total. 


(0) 

Total 
weight. 

(ft) 
Nitro- 
gen. 

(<•) 
Carbon. 

Hydro- 
gen. 

(«) 
Oxygen. 

(/) 
Ash. 

Grants . 
97.  15 
35.  7.'; 
1 .  T.'iS. 
SI'.  74 

3. 479.  03 
1,580.  87 

Grams. 

Grams. 

Grams. 
10. 87 
2. 70 
196  82 
3.  88 

389. 23 

Grams. 
86.28 
5.50 

24.84 

3, 089. 73 
1,149. 72 

Grams. 

1.01 

18.03 

f.  51 

19.  37 

14.  66 

23.  99 

431. 15 

7,038.40 

20. 38 

463. 84 

603.  57 

5,918.11 

-    (i88. 70 
.30 

—  o.  2.1 

—  43. 62 

-  77.19 

-    554. 42 

 20 

-  !30 

-    689. 00 

-10.  £0 

-  19. 62 

-  03. 38 
+     33. 57 

-  629. 37 

-  10.20 

-  3.27 

-  10.36 

AO.  01 

+  14. 91 

-  1.37 

7  AQ 

+  2.08 

-  70.43 

-  4.32 

-  7.67 
+     16. 58 

-  558. 94 

-  .30 

-10.20 

-    689. 00 

-  3.27 

-  43.68 

-  77.20 

-    554. 35 

-10.  50 

1 , 454. 34 
1,731.80 
2, 420. 10 
746.90 

1,454.34 
1,538.01 
2, 149. 29 
227. 79 

193.  79 
270. 81 
02. 72 

16.69 

414,20 

25.50 

e,  353. 14 

16.  t)9 

414. 20 

0^1 .  Oil 

5,369.43 

£.0.  OU 

97. 15 
35. 75 
1,757.04 

86.  66 

3,653.96 
1, 578. 43 

10.  87 

2.  70 
196. 61 
3.97 

408. 88 

86.28 
5.50 

1    KAO  AO 
I ,  utnj.  *lo 

23. 85 

-  3,245.08 
1,147.95 

1.01 

18.03 

8.  51 

19. 85 

15.02 

23.  97 

430.48 

QO  A'A 

7,208.99 

on  fifi 

463. 53 

623. 03 

6,009. 09 

'  -  855.85 
1  -  .38 

A  IT 

Aa  I'i 
—  4y.  oo 

-  95.71 

-    699. 66 

-  o.  9o 

-  .38 

-  7.36 

-  856.23 

-  a.  51 

7.  06 
+  13.36 

-  699. 76 

1 

-  25.02 

-  63. 35 
+     27. 05 

1  -  787.93 
6.98 

-  4.17 

-  13.21 

-  48.21 
-f-  12  01 

-  1.75 

+    1. 68 

-  88.17 

-  .38 

-  6.98 

-  856.23 

-  4.17    -  49.41 

-  95.72 

-    699. 57 

-  7.36 

1  4,317.23 
6,411.10 
4, 999. 20 

!  2,242.80 

■  1 

j 

4,317.23 
5, 693.  69 
4, 439. 79 
675.  76 

1 

717. 41 
559. 41 
180. 97 

1 

50.48  [  1,264.29 

65. 30 

1  17,970.33 

50.48  1,264.29 

1,463.79 

15, 126. 47 

65.30 

828 


Table  118. — Daily  gains  or  losses  of  body  inaUiiah,  metabolism  experitnents  Nos.  ■'>6-58 

a7id  60-67 — ContiBiied . 


(a) 
Total 
weight. 

(6) 
Nitro- 
gen. 

(0 
Carbon. 

(d) 
Hydro- 
gen. 

(«) 
Oxygen. 

if) 
Ash. 

Experiment  No.  63 — Continued. 
.   Total  3  days — Continued. 
Outgo; 

Water  in  feces  

Grams. 
291  45 
107125 

4,429.35 
218. 45 

4,  760.99 

Grams. 

Grams. 

Grams. 

8. 10 
495. 65 
10. 69 

1, 240. 49 

Grams. 
ZOO.  cyi 

16.50 
3, 933. 70 

53. 46 

xfj  Q'xo.  ly 
3, 462. 55 

Grams. 

Solids  in  feces  

Water  in  urine.   

3.03 

54.09 

25.53 

Solids  in  urine  

Water  of  respiration  and  per- 
spiration  

53.44 

40.44 

60  42 

CO2  of  respiration  

i,  298. 44 

Total   

Gain  {+)  or  loss  ( — )    .  .       .  - 
Ash  of  protein  lost 

20, 893. 17 

56. 47 

1, 392. 97 

1,787. 54 

17, 570. 24 

85.95 

-2, 922.84 
.55 

-  5.99 

-128.68 

-  323.75 

-2,443.77 

—  20.65 

-  .55 

Gains  or  losses  of  body  material: 

Protein  

Fat  

-2,923.39 

I- 

-  21.20 

-  35. 94 

-  140.08 

-  7.66 
-2, 719.05 

-  20. 65 

-  5.99 

-  18.98 
-106.60 

-  3.40 

-  2.51 

-  16. 54 

.47 

-  304.27 

-  7.91 

-  16. 94 

-  3.79 
-2,414. 78 

-  .55 

Glycogen 

Water   

Ash  .   

1 

—  20.65 

Total  

Experiment  No.  64. 

Income '. 

Oxygen  from  air  

1 

 9  g23  38 

-  5.99 

-128.98 

—  323.79 

 2  443. 42 

  21  20 

2, 105. 65 
3, 832. 00 
2, 897. 50 
847.30 

2, 105. 65 
3,403.20 
2, 673. 27 
252. 52 

W^ater  in  drink 

428.80 
324.23 
72.63 

Water  in  food  

Solids  in  food  

Total 
Outgo: 

Water  in  feces  

19.11  474.94 

28. 10 

9, 682. 45 

19.11  1  494.94 

825. 66 

8,334.64 

28. 10 

97. 15 
35.75 
1,075.55 
60.55 

5, 939. 67 
2,344.01 

1 

i 

10.87 
2.70 
120. 35 
3.29 

664. 65 

86  28 
5!  50 
955. 20 
17. 16 

5, 275. 02 
•  1,704.74 

Solids  in  feces  

Water  in  urine 

1.01 

18.03 

8.51 

Solids  in  urine  

Water  of  respiration  and  per- 
spiration  

15.68 

11.70 

12. 72 

CO2  of  respiration  

639. 27 

Total 

Gain  (+)  or  loss  ( — ) 
A^h  of  protein  gained 

9,552.68  1  16.69 

669.00 

801. 86 

8,043.90 

21.23 

-f^    129. 77 
+  .22 

+  2.42 

-194.06 

-1-  23.80 

+    290. 74 

+  6.87 
-1-  .22 

Gains  or  losses  of  body  materia.1: 

Protein  

Fat  

+  129.99 

+     14. 52 

-  131.26 

-  229. 15 
+    469. 01 
+  6.87 

+  7.09 

+  2.42 

+  7.67 
-  99.89 
-101.74 

+  1.02 

-  15.49 

-  14.21 
+    52. 48 

+  3.19 

-  15.88 

-  113.20 
-1-    416. 53 

-f-  .22 

■  "VVater 

A<!h 

-1-  6.87 

Total  

E-XPERIMENT  No.  f).5. 

Income ; 

Oxygen  from  air  

+  129.99 

+  2.42 

-193.96 

+    23. 80 

-T-    ^yu.  VI 

-\-    7  09 

729. 16 

729. 16 

1 

Water  in  food  

2, 255. 51 
.538.99 

1 

252.39 
34.26 

2,003. 12 
230. 15 

Solids  in  food  

Total  

15.40  235.88 

23.30 

3,  .523. 60 

15. 40  ;     235. 88 

286.65 

2, 962. 43 

2:J.S0 

Tablio  1  is. — Daily  r/ains  or  loxsci  of  body  materials,  metaholism  experimcvlit  Nos.  .56-58 

and  60-67 —Continued. 


fa) 
Total 
weight. 

(6) 
Nitro- 
gen. 

(c) 
Carbon. 

(d) 
Hydro- 
gen. 

(e) 
Oxygen. 

Lf) 
Ash. 

Experiment  No.  «.">— Continued. 
Outgo: 

Water  in  feces  

Gnim-i 
ti2.  17 
21.. 50 

1 , 020. 64 
fi2. 90 

1,072.46 
815.04 

Grams. 

Grams. 

Grams. 
6.96 
1.10 
114.21 
4. 17 

120.01 

Grams 
55. 21 
3.56 
906. 43 

8.58 

952. 45 

Grams. 

Water  in  nrino  

.85 

8. 13 

7.86 

Solids  in  urini>  

Water  of   rcspiratiim  anil  per- 
spiration  

24.02 

16.00 

10. 19 

CO2  of  respiration  

222. 28 

592,76 

Total  

Gain  (+  1  or  loss  (—1  

.X.'ih  of  protein  lost  

3,054.77 

24.87 

246. 41 

246. 45 

2, 518. 99 

18. 05 

4-  468.89 
.87 

-  9.47 

-  10.53 

+  40.20 

+    443. 44 

-1-  5.25 
-  .87 

__Ji<«:ns  or  losses  of  body  material: 

—  Protein  

Fat  

+  468.02 

+  4.38 

-  56.82 

-  128.39 
+  264.05 
+    383. 93 
+       5. 25 

-  9.47 

-  30.00 

-  97.70 
+  117.24 

-  3.98 

-  15. 15 
-1-    16. 37 
-f-  42.96 

-  12.50 

-  15.54 
+    130. 44 
+    340. 97 

-  .87 

Glycogen  

Water  

.\sh  

+  5.25 

Total  

Experiment  Nil  c.il. 

Income: 

Oxygen  from  air  

+    468. 02 

.-    9. 47 

-  10.46 

-1-  40.20 

-1-  443.37 

+  4.38 

707.00 

707.(10 

Water  in  drink  

Water  in  food  

2,039.22 
461.48 

228. 19 
29.63 

1,811.03 
192.  71 

Solids  in  food  

Total  

(.>utgo: 

14.11 

205. 93 

19. 10 

3,207.70 

14.11 

205. 93 

257. 82 

2,710.74  19.10 

62.17 
21.50 
981.18 
00.52 

883.83 
839. 74 

6. 9f) 
1.10 
109.79 
3.87 

98.90 

.55. 21 
3.56 
871.39 
9.08 

784. 93 
610.71 

Water  in  mini'  

.85 

8. 13 

7.80 

Solids  in  urine  

Water  of   respiration  and  per- 
spiration  

22.31 

14.87 

9. 79 

C'Oi  of  respiration  

229. 03 

Total  

Gain  (-1- ;  or  loss  ( -  1  

Ash  of  protein  lost  

2, 848. 94 

23. 16  ;     252. 03 

220. 62 
+    37. 20 

2, 335.  48         17.  65 

+    358. 76 

-    9. 05  ,  -  46. 10 

+    375. 26 

4-  1.45 
-  .83 

Gains  or  losses  of  body  material: 

Protein  

Fat  

+    357. 93 

4-  .62 

-  54  30 

-  75  43 
4-     90. 18 
+    396  03 
-I-       1. 45 

-  9.05 

-  28  67 

-  57.40 
+  40.04 

-  3.80 

-  ■  8  90 
+     5  59 
+    44. 32 

-      11.95     -  .83 
_       Q  i  :i 

Glycogen  

+      44  55 
4-  351.71 

Water  

4-    1.  45 

Total  

Experiment  No  HT. 
Fir  at  da  y . 

Income: 

Oxygen  from  11  ir  



-1-    357. 93 

-  9.05 

-  46  03 

+    37. 21 

-1-    375.18    -t-  0.62 

791.03 

791  03 

Water  in  drink  

Water  in  food  

1, 581.  24 
495.36 

176  94 
31.37 

1,404  30 
218  90 

Solids  in  food  

Total  

U.53 

216  19 

17.  37 

2,967.63 

U.53 

216. 19 

208  31 

2, 414.  23        17.  37 

330 


Table  118. — Daily  gaim  or  losses  of  body  materials,  metaholism.  experiments  Nos.  56-58 

and  60-67 — Continued. 


Experiment  No.  67— Continued. 
Firtil  tto)/— Continued. 

Outgo; 

Water  in  feces  

Solids  in  feces  

Water  in  urine  

Solids  in  urine  

Water  of  respiration  and  perspi- 
ration   

CO2  of  respiration  


Total. 


Gain  (+)  or  loss  {— ) . 
Ash  of  protein  lost . . . 


Total. 


Gains  or  losses  of  body  material: 

Protein  

Fat  

Glycogen  

Water  

Ash  

Total  


Second  day. 

Income: 

Oxygen  from  air  

Water  in  drink  

W ater  in  food  

Solids  in  food  


Total . 


Outgo: 

Water  in  feces  

Solids  in  feces  

Water  in  urine  

Solids  in  urine  

Water  of  respiration  and  perspi- 
ration   

CO2  of  respiration  


Total . 


Gain  (+)  or  loss  (—  ) . 
Ash  of  protein  lost . . . 


Gains  or  losses  of  body  material: 

Protein  

Fat  

Glycogen  

Water  

Ash  


Total. 


Total,  2  days. 

Income: 

Oxygen  from  air  

Water  in  drinlc.  

Water  in  food  

Solids  in  food  


Total. 


Outgo : 

Water  in  feces. , 
Solids  in  feces. . 
Water  in  urine . 
Solids  in  urine  . 


(a) 
Total 
weight. 

(6) 
Nitro- 
gen. 

(c) 
Carbon. 

(d) 
Hydro- 
gen. 

(e) 
Oxygen. 

(/) 
Ash. 

Grams. 
62.17 
21.50 

1.013. 77 

62.53 

842  28 
951.  55 

Grams. 

Grams. 

Grams. 
6. 96 
1. 10 
113.  44 
3.20 

94.25 

Grams. 
55.21 
3.56 
900  33 
18  47 

748  03 
692  03 

Grams. 

.85 

8. 13 

7.86 

18.45 

12.29 

10. 12 

. 

259.  52 



;     2.953  80 

19. 30 

279. 94 

218  95 

■  2, 417.  63 

17.98 

-  86. 17 

-  .  71 

-  7.77 

-  63.75 

-    10. 64 

3  40 

-  .61 

-  .71 

j  -     86  88 

-  1.32 

-  40.62 

-  80.06 
+      49. 13 

!  -       8  72 
1  -  .61 

-  7.77 

-  24.62 

-  60.92 
+  21.81 

-  3.26 

-  9. 45 
+     3. 05 

-  .98 

-     10. 26 
9.69 

+     24, 27 
7.74 

-  .71 

'  - "  '.'ei 



-     86  88 

-  7.77 

-  63.73 

-    10  64 

-  3,42 

-  1.32 

797.  87 

797.87 

1,405  02 
475  78 

157.22 
30. 22 

1,247. 80 
210. 74 

10. 51 

208  50 

15.81 

2,678  67 

10.51 

208  50 

187. 44 

2,256  41 



15.81 

62.17 
j          21. 50 
1,266  29 
78.11 

877. 76 
952  08 

6.96 
1.10 
141.70 

2,85 

98. 22 

55  21 
3.56 
1,124^9 
35.  26 

779. 54 
692.  44 

.85 

8  13 

7.86 

10  42 

10. 94 

12.  64 

259. 64 



3,257.  91 

17.27 

278  71 

250  83 

2. 690,  60 

20.50 

-  579. 24 

-  .  62 

-    6  76 

-  70,21 

-    63. 39 

-    434. 19 

-  4.69 

-  .62 

-  579.86 

-  5.31 



-  40  50 

-  67. 91 
+       6  41 

-  473.11 

-  4  m 

-  6.76 

-  21.42 

-  51.68 
+    2  85 

-  2,84 

-  8  01 
+  .40 

-  52.94 

8,92 

-  8  22 
-1-  3.16 

-  420  17 

-  .62 

-  4.69 

-    579. 86 

-  6.76 

-  70.25 

-    63. 39 

-    434. 15 

-  5.31 

1.588  90 

1,588  90 

0  OQR  Oft 

971. 14 

334  16 
61.'  59 

429.  64 

22. 04 

424.69 

33. 18 

5, 546. 30 

22  04 

424.  69 

395. 75 

4, 670.  64 

33. 18 

124  34 
43  00 
2, 280.  06 
'  H0.64 

13.92 
2.20 
255. 14 

110.  42 
7.12 
2.024  92 
53. 73 

1.70 

16.  26 

15.  72 

.34.87 

23.23  1 

6.05 

22.  76 

I 
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Tahi.k  lis.-  />(/////  (jains  or  losses  of  body  malerials,  victaholisvi  experiments  Nos.  o(j-oS 

and  60-67 — ( 'ontinuod . 


(0) 
Total 
weight. 

(6) 
Nitro- 
gen. 

(c) 
Carbon. 

(d) 
Hydro- 
gen. 

(e). 
Oxygen. 

(/) 
Ash. 

Experiment  No.  bT— Continued. 

Total,  I  days  Continued. 

Outgo— Continued. 

Water  of  respiration  and  perspi- 
ration   

Grams. 
1,720. 04 
1,903.63 

Grams. 

Grams. 

Grams. 
192.  47 

Grams. 
1,527.57 
1, 384.  47 

Grams. 

CO2  of  respiration  

519. 16 

Total  

Ciaiu  (+  )  or  loss  (— )  

.\sh  of  protein  lost  



6,211.71 

36.57 

558.65 

469.78 

5,108.23 

38.48 

-  665  41 

-  1.33 

-  14.53 

-133.96 

-    74. 03 

437.59 

-  5  30 

-  1.33 

Gains  or  losses  of  body  material: 

Protein  

Fat  



-    066. 74 

-  6.63 



-  87. 18 

-  147.97 
+     55  54 

-  481. 83 

-  5.30 

-  14.53 

-  46.04 
-112.60 
+  24.66 

-  6  10 

-  17. 46 
+  3.45 

-  53. 92 

-  19. 24 

-  17.91 
+      27.  43 

-  427. 91 

-  1.33 

Glycogen  

Water  

.\sh  

-  5.30 

Total  

-    1166  74 

-  14,53 

—133.98 

-    74. 03 

-    437.  .57 

-  6.63 

T.\.ni.K    lift.    Ihillf/  bodily  (juin  or  loss  of  nutrients  and  energy  th(riiif.  iiietabfjlism 
experiments  Nos.  ■56-.5S  and  60-67. 


XnmliiT  ami  ilay  of  cxiperinient. 


Nutrients  gained  (+)  or 
lost  (-). 


Kxperimcnt  No.  56: 

First  day  

Sivond  day  

Third  day  

Total,  3  days  

Kxperinient  No.  57' 

First  day  

.Second  day  

Third  day  

Total,  3  days  

Kxperinient  No.  US: 

First  day  

Second  day  

Third  day  

Total.  3  days  

Kxperiment  No.  00: 

First  day  

Second  day  

Third  day  

Total,  3  days  

F.xperiment  No.  61,  1  day 

Kxperinient  No.  02; 

First  day  

Second  day  

Third  day"  

Total,  3  days  


Energy  gaineti  {+)  or 
lost  (— )  from — 


(a) 
Protein. 

(6) 
Fat. 

(0 

Carbo- 
hydrates. 

Protein, 
aXo.65. 

(e) 

Fat, 
6X9.54. 

(f) 
Carbo- 
hydrates, 
rX4.19. 

Grams. 
+  10. 14 
-1-4.44 
-  4.02 

Grams. 
+  43.82 
-  68.04 
-1-  3.12 

Grams. 
-120.17 
+  76.52 
+  61.14 

Calorics. 
4-  57 
+  25 
-  23 

Calories. 
+  418 
—  649 
4-  30 

Calories. 
-  .^04 
4-  321 

4-  2J6 

-1-10.56 

-  21.10 

-1-  17.49 

4-  59 

-  201 

4-  73 

+  5.22 

-  1.86 

-  6.72 

+  21.07 

-  30.30 

-  55.22 

-1.53.47 
+  2.08 
+  71.00 

4-  29 

-  10 

-  38 

4-  201 

-  289 

-  527 

-  643 
4-  9 
4-  298 

-  3.36 

-  64.45 

-  80.29 

-  IC 

-  615 

-  336 

-  9.66 
-13.32 
-16.74 

-  49.24 

-  .59.33 

-  47.86 

+  17.99 
+  24.47 
-  16.00 

-  55 

-  75 

-  95 

-  469 

-  566 

-  457 

4-  75 
4-  103 
-  67 

-39.72 

-156.43 

+  26.46 

-225 

-1,492 

4-  111 

-11.04 
+  3.36 
-  3.90 

-11.58 

-  2. 73 

-  16.03 
4-  30.19 

+  44.50 
4  .59.56 
-  42.25 

-  62 
4-  19 

—  22 

-  26 

-  153 
4-  288 

4-  186 
4-  250 
-  177 

+  11.43 

+  61.81 

-  65 

4-    109  j  4-259 

-14.22 

+  9.85 

-277.40 

-  80 

+     94  !  -1,162 

-  .12 

-  2.82 
-12.72 

-  26.65 

-  13.31 

-  .S4.65 

-  46.37 

-  82.39 

-  20.92 

-  1 

-  16 

-  72 

-  254 

-  127 

-  331 

-  194 

-  335 

-  8S 

-  627 

-15.66 

-  74.61 

-149.68         -  89  1    -  712 
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Table  119. — Daily  bodily  gain  or  loss  of  nutrients  and  energy  thereof,  metabolism 
experiments  Nos.  66-58  and  60-67 — Continued. 


Xumberand  day  cf  experiment. 

Nutrients  gained  (+)  or 
lost  (-). 

Energy  gained  (+)  or 
lost  (— )  from — 

(a) 
Protein. 

(6) 
Fat. 

(c) 

Carbo- 
hydrates. 

(d) 

Protein, 
aX5.65. 

(e) 

Fat. 
6X9..54. 

(/) 
Carbo- 
hydrates 
cX4. 19. 

Kxperiment  No.  63: 

First  day  

Second  day  

Third  day  

Total,  3  days  

Experiment  No.  64,  1  day  

Experiment  No.  65,  1  day  

Experiment  No.  66,  1  day  

Experiment  No.  67: 

First  day  

Second  day  

Total,  2  days  

Grams. 
+  8.70 
-19.62 
-25.02 

Grams. 

-  13.35 

-  63.38 

-  63.35 

Grams. 
—  68.28 
+  33.. 57 
+  27.05 

Calories. 
+  49 
-111 
-141 

Calories. 

-  127 

-  605 

-  604 

Calories. 
—  286 
+  141 
+  113 

-35.94 

-140.08 

-  7.66 

-203 

-1,3.36 

-  32 

+  14.52 
-.56.82 
-54.30 

-131.26 
-128.39 
-  75.43 

-229. 15 
+264.05 
+  90.18 

+  82 
-321 
-307 

-1,252 
-1,225 
-  720 

-  960 
+  1,106 
+  378 

-46.62 
-40. 56 

-  80.06 

-  67.91 

+  49.13 
+  6.41 

-263 
-229 

-  763 

-  648 

+  206 
+  27 

-87. 18 

-147.97 

+  55.54 

-492 

-i,4n 

+  233 

Table  120. — Record  of  work  done  on  the  bicycle  ergometer.  metabolism  experiments  Nos. 

56,  57,  and  61-64- 


Time. 


Experiment  No.  50. 


8.14  a.  m.  to  10.14  a.  m. . 
10.30  a.  ni.  to  12.24  p.  m. 
2  p.  m.  to  6  p.  m  


Total  

8.15  a.  m.  to  12.30  p.  m. 
2  p.  m.  to  5.30  p.  m  

Total  


8.15  a.  m.  to  11.24  a.  m. 
2  p.  m.  to  5.30  p.  m  


Total  

Total,  3  days  

Experiment  No.  57. 


8.15  a.  m.  to  10.02  a.  m. . 
10.17  a.  m.  to  12.31  p.  m. 

2.30  p.  m.  to  4  p.  m  

4.15  p.  m.  to  6.13  p.m... 


Total . 


8.15  a.  m.  to  9.29  a.  m. . . 
10.08  a.  m.  to  11.23  a.  m. 

2.21  p.  m.  to  4  p.  m  

4.15  p.  m.  to  6.15  p.m... 


Total . 


8.15  a.  m.  to  10  a.  m  

10.12  a.  m.  to  12.23  p.  m. 
2.06  p.  m.  to  4.02  p.  m... 
4.14  p.  m.  to  4.31  p.  m. . . 


Total  

Total,  3  days. 


Duration  of 
period. 

Number  of 
revolu- 
tions. 

Heat 
equiva- 
lent of 
total 
work. 

Hours. 
2 
1 
4 

Min. 

 8,173 

54  1  3,779 
 1        12, 494 

Calories. 
190 
88 
291 

7 

54 

24, 446 

569 

4 

3 

15 
30 

14, 477 
11,359 

336 
265 

^ 

45 

25,836 

601 

3 
3 

9 
30 

10,720 
12,  .372 

250 
288 

6 

39 

23,092 

538 

22 

18 

73,374 

1,708 

1 
2 
1 
2 

47 
14 

30 

6,527 
8,384 
5,817 
7,484 

152 
195 
130 
174 

7 

31 

28,212 

657 

1 
1 
1 

2 

14 
15 
39 

4,515 
6,027 
6,209 
7,405 

105 
140 
145 
173 

6 

8 

24,156 

563 

1 
2 
1 

45 
11 
S6 
17 

7,412 
9,314 
7,526 
960 

173^ 

217 
175 
22 

6 

9 

25,212 

587 

19 

48 

77,580 

1.807 
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Table  ^20. -  Rn-ord  of  irork  done  on  the  bicycle  traometer,  vtetabolisvi  nprriments  Nos. 
56,  .57,  and  61-64 — Continued. 


Date. 


Apr.  22. 


Time. 


Experiwent  No.  61. 


S.2S  a.  m.  to  10.02  a.  m  

10.15  a.  m.  to  11.24  a.  m.;  11.4Sa.  m.  to  12.:il  p.  m. .. 
2.04  p.m.  to  2.40  p.m.;  2..5fi  p.  m.  to  3.42  p.  m. :  4.10 
p.  m.  to  5  p.  m  


Total,  1  (lay. 


Experiment  Xo.  62. 


8.30  a.  m.  to  10  a.  ra  

10.31  a.  m.  to  12.01  p.  m. 
2.03  p.  ra.  to  3.32  p.  m. . . 
4.0ti  p.  m.  to  r>.Sii  p.  m . . . 


Total. 


8.30  a.  ra.  to  10  a.  ra... 
10.30  a.  ra.  to  12  noon. 
2.01  p.  m.  to  2.24  p.  m. 
2.27  p.  m.  to  2.29  p.  ra. 
2.42  p.  m.  to  3.33  p.  ra. 
4.06  p.  m.  to  .5.33  p.  ra. 


Total. 


8.30  a.  m.  to  8.33  a.  m. 
8.34  a.  ra.  to  10  a.  m..- 
10.30  a.  ra.  to  12  noon. 
2  p.  m.  to  3.30  p.  m. . . 
4.07  p.  m.  to  .5.35  p.  m . 


Total. 


Total,  3  days  

Experiment  Xi>.  OS. 


8..S0  a.  m.  to  10  a.  ra.. 
10.30  a.  ra.  to  12  noon. 
2.01  p.  m.  to  3.31  p.  ra, 
4.10  p.  m.  to  .5.14  p.  ra 


Total. 


8.31  a.  m.  to  10.01  a.  m. 
10.30  a.  m.  to  12  noon. . 

2  p.  m.  to  3..30p.  m  

4.07  p.  ra.  to  5.19  p.  m. . 


Total. 


8.30  a.  m.  to  10.01  a.  r 
10.31  a.  m.  io  12.01  p. 
2  p.  ra.  t(i  H  :«i  i>.  ni.  - 
4.07  p.  ra.  tu        i>.  n 


Total. 


Total,  3  davs. 


Experi ment  Nn.  nif. 


8.01  a.  ra.  to  JO.Ol  a.  m. 
10.31  a  m.  to  12  noon . . 

I.  30  p.  m.  to  3.30  p.  m. . 
4.29  p.  m.  to  tl  p.  ra . . . . 
7.12  p.  m.  to  8.31  p.  m. . 
9.16  p.  m.  to  10.16  p.  m. 

II.  01  p.  m.  to  11.45  p.  m 
1.03  a.  m.  to  1.31  a.  m. . 
2.32  a.  m.  to  3.01  a.  m. . 


Total. 


Duration  of 
period. 


Hours. 
1 
1 


Min. 
34 
52 


38 


Number  of 
revolu- 
tions. 


5,481 
6,426 


,039 


17,946 


59 


4,939 
4,939 
4,884 
4,338 


19, 700 


57 


39 


34 


5,169 
5,169 
1,321 
115 
2,929 
4.997 


19, 700 


166 
4,746 
4,966 
4,966 
4,856 


19,700 


59, 100 


5,308 
5,308 
5,309 
3, 775 


19,700 


5,184 
5, 184 
5,184 
4, 148 


Heat 
equiva- 
lent of 
total 
work. 


Calories. 
128 
150 


19,700 


5,227 
5,169 
5, 1C9 
4,135 


43 


19,700 


59 


00 
29 
00 
31 

in 

00 
44 
28 
29 

00 


.59, 100 


7,455 
5,  .529 
7.455 
5. 653 
4.  flOS 

■1.  ih 
1,739 
1,801 

41.000 
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Table  121. 


-Record  of  drinking  water  consumed  by  subjects  in  metabolism  eiycrinifnls 
Nos.  56-58  and  60-67. 


Subject. 


J.  C.  W. 
 do.. 

H.  F.... 

B.  F.  D. 
 do.. 

A.  L.  L. 

 do.. 

 do.. 

 do.. 

 do.. 

 do.. 


Kind  of  experiment. 


Work,  fat  diet  

Work,  carbohydrate  diet. 

Rest,  carbohydrate  diet. . 
 do  ■  

Work,  carbohydrate  diet. 
 do  

Work,  fat  diet...  

Severe  work,  fat  diet  

Rest,  carbohydrate  diel  . . 

 do  

 do  


Dura- 
tion. 


Dav- 
'  3 
3 
3 
3 
1 
3 
3 
1 
1 
1 
2 


Drinkins  water  consumed. 


First 
day. 


Uc. 
1,950.0 
2,291.0 
400.0 
700.0 
1,834.0 
2, 797. 9 
2, 478. 6 
3,832.0 
None. 
...do... 
...do.. 


Second 
day. 


Cc. 
1,950.0 
2,291.0 
400.0 
700.0 


2,879.1 
2, 200. 7 


None. 


Third 
day. 


Cc. 
l,9.W.O 
2,291.0 
263.0 
700.0 


2,900.0 
1,731.8 


Table  ]22. — Body  weight,  pulse  rate,  and  temperatures  as  recorded  by  the  subject,  metab- 
olism experiments  Nos.  56-58  and  60-67. 


Time. . 


Weight 
in  under- 
clothes. 


1903. 

Experiment  No.  S6. 
Apr.  27 


/  a.  m 
1  p.  m 
7  p.  m 
Apr.  2S,  7  a.  m 
7  p.  m 
Apr.  29,  7  a.  m 
7  p.  m 
Apr.  .30,  7  a.  m 


Experiment  No.  ST. 


May  7,  7  a.  m . 
4  p.  m. 
7  p.  m. 
10  p.  m . 
May  8,  7  a.  m . 
10  a.  m . 
1  p.  m . 
7  p.  m. 
10  p.  m. 
May  9.  7  a.  m. 
10  a.^m . 
4  p.  m. 
7  p.  m. 
10  p.  m. 
May  10,  7  a.  m. 


Experiment  No.  SH. 
Nov. 


10,  7  a.  m . 
10  a.  m . 
1  p.  m . 
4p.m. 
7  p.  m. 
10  p.  m . 
Nov.  U,  1  a.  m. 

4  a.  m . 
7  a.  m. 
10  a.  m . 
1  p.  m. 
4  p.  m. 
7  p.  m. 
10  p.  m . 
1  a.  m. 
4  a.  m. 
7  a.  m. 
10  a.  m. 
1  p.  m. 
4  p.  m. 


Nov.  12, 


Kg. 
70. 


77.09 
7B.  10 
77.04 
76.  23 
77.65 
70.85 


.86 


78.  17 


77.  68 


78.  56 


77.89 


78.  86 


Pulse  I  Temper- 
rate.  I  ature. 


78. 12 


72.  30 
72.50 


72.  .55 
72.  66 


62 
75 


64 
'66' 


60 


64 


'C. 
36.83 
37.50 


30.  28 
'36.' 67 


36.56 


36.  07 
37.78 

37.  56 
37.  11 
36.83 
37. 17 
37. 17 
37.  33 
37.  11 

36.  72 

37.  72 
37.  78 
.37.  11 
37.  00 
36.  67 


36.  71 

36.  74 
36.98 
37.07 
36.94 

37.  17 
36.99 
36.98 
.36.  29 
.37.  23 
37.  14 
37.  55 
37.  83 
37.  93 
37.  90 
37.57 
37.  67 
37.  54 
37.  80 
37.  69 


Time. 


Weight 
in  under- 
clothes. 


1903. 

Experiment  No.  58- 
Continued. 


Nov.  12,  7  p.  m. 

10  p.  m. 
Nov.  1.3,  1  a.  m. 

4  a.  m. 

7  a.  m . 


1904. 

Experiment  No.  60. 


Jan.  27,  7  a.  m. 
10  a.  m. 
1  p.  m. 
4  p.  m. 
7  p.  m. 
10  p.  m. 
.Tan.  28,   1  a.  m. 

4  a.  m. 
7  a.  m. 
10  a.  m . 
1  p.  m. 
4  p.  m. 
7  p.  m. 
10  p.  m. 
Jan.  20,   1  a.  m. 

4  a.  m. 
7  a.  m. 
10  a.  m. 
1  p.  m . 
4  p.  m. 
7  p.  m. 
10  p.  m . 
.30,  1  a.  m . 
4  a.  m . 


Kg. 
!■>.  78 
72.  65 


Pulse  Temjwr- 
rate.  ature. 


67.34 


a  70.  18 


67.  18 


068.94 


Jan. 


Experiment  No.  CI. 


67.43 


o70. 17 


Jan.  .30.  5  p.  m  

7p.  m  '     a  09. 04 

.Ian.  31.  7  a.  ra   00.25 


Experiment  No. 


,\pr.  10,  7  a.  m. 

10  a.  m . 
1  p.  ni . 
4  p.  ni. 


7.5. 58 


58 
53 
52 


94 


'C. 
38.23 
37.90 
37.88 
37.  72 
37.81 


36.50 
36.78 
.36. 56 
36.44 
36.00 
36.28 
36. 11 
36.  22 
36.72 
36.67 
36.56 
36. 50 
.36.  61 
36.50 
36. 11 
36.22 
36.61 
36.72 
36.67 
36.61 
36.94 
36.67 
36.28 
.36.  28 
36.  67 


"  Clothes. 


Tablk  122.—  Body  irciyhl,  pulse  rale,  awl  Icnpcratinr.i  as  recorded  hij  the  siihjicl,  vieUih- 
olism  expei-iments  Nos.  56-5S  and  60-67 — Continued. 


Time. 


1904. 

Kxperiment  No.  f>3- 
Continiiod. 


Weight 
in  under- 
clothes. 


Apr.  U\. 
Apr.  17, 

Apr.  IS, 


<  ]).  ni. 
10  p.  m. 

7  a.  m. 
10  a.  ni. 

1  p.  in. 

4  p.  m. 

7  p.  in. 

7  a. in. 
10  a.  m. 

1  p.  in. 

4  p.  in. 

7  p.  ni. 
10  p.  in. 


FTperimenl  No.  C.i. 


Apr.  10, 


Apr.  20, 


Apr.  L'l. 


I  a.  m  

10  a.  Ill  

1  J),  in  

4  p.  in  

7  p.  m  

10  p.  in  

7  a.  in  

10  a.  in  

1  p.  m  

4  p.  in  

7  p.  in  

10  p.  in  

7  a.  ni  

10  a.  m  

I  p.  m  

4  p.  in  

7  p.  in  

10  p.  in  


Kg. 


75.  90 


75. 94 


74.  83 


Pulse 
rate. 


Temper- 
ature. 


72 


37.83 
37.06 
37.67 
37.39 
37.33 
3&06 
37. 17 
37.39 
37.39 
37.28 


37.44 
38. 17 
37.28 
37.72 
37.39 
37.56 
37.72 
37.  83 
37.50 
37.72 
37.  33 
37.50 
37.61 
37.94 
37.44 
38. 17 
37.  56 
37.50 


Time. 


1904. 

Kxprri ment  No.  GJf. 
Apr. 


7  a.  m. 
10  a.  m. 
1  p.  in. 
4  p.  in. 
10  p.  in. 


Kxpiriment  No.  0.5. 


Apr.  23, 


7  a.  in. 
1  p.  in. 
4  p.  m. 
7  p.  m. 
10  p.  m. 


Experiment  No.  OH. 
Apr.  24, 


/  a.  m. 
10  a.  m . 
4  p.  m. 
7  p.  m. 
10  p.  m. 


Experiment  No.  67 


Apr. 


Apr.  : 


/  a.  in  

10  a.m.... 

1  p.  m  

4  p.  m  

7  p.  in  

10  p.  in  

7  a.  ni  

10  a.  in  1 

4  p.  m  i 

10  ]).  in  ' 


Weight 
in  under- 
clothes. 


Kg. 
7a  04 


Pulse  I  Temper- 
rate.  I  ature. 


72.07 


7.3.  04 


7.3.  50 


O 


4  p. 
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